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%p tit ftame Zutim. 

SAFE BUILDING. Series I. 

Square 8vo. Illustrated with numerous form- 
ula, diagrams and tables. $5.00. 

" The author furnishes to any earnest student the oppor- 
tunity to acquire, so far as books will teach, the knowledge 
necessary to erect sa/t/jr any building. First comes an in- 
troductory chapter on the Strength of Materials. This 
chapter gives the value of« and explain* briefly, the differ- 
ent terms used, such as stress, strain, factor-of -safety, centre 
of gravity* neutral axis, moment of inertia, etc. There 
follows a series of chapters, each dealing with some part of 
a building, giving practical advice and numerous calcula- 
tions of strength ; for instance, chapters on foundations, 
walls and piers, columns, beamy, roof and other trusses, 
spires, masonry, girders, inverted and floor arches, side- 
walks, stairs, chimnevs, etc.** 

These papers are the work of a practising architect, and 
not of a mere bookmaker or theorist. Mr. Herg, aimine to 
make his work of the greatest value to ihe largest numoer, 
has confined himself in his mathematical demonstrations to 
the use of arithmetic, algebra, and plane geometry. In 
short these papers are in the highest sense practical and 
valuable. 
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PREFACE. 



IN presenting the second volume of ^^ Safe Building " to the public, 
a few words of explanation seem in place. 
In the preliminary announcement it was said that there might 
" possibly " be added, chapters on Drainage, Plumbing, Heating, 
and Ventilating ; the work, however, is of sufficient length without 
these subjects, and as they really form separate studies from those 
of construction, it has been thought best to omit them. 

While the first volume of this work, which has been before the 
public for several years, has been favorably received, criticisms 
have been made on the absence of an index and on the meagre 
treatment of iron 'constructions. These wants are supplied by 
Volume 11. The writer believes that no fuller or clearer treatment 
of riveted girders, or of truss work generally has been published 
than will be found in this volume ; while he has personally prepared 
the index with the greatest care, in order to adapt the work for 
reference, as well as for study. The reference tables at the end of 
Volume II have all been newly made up and carefully corrected ; 
they are so numerous that it is believed that every table needed by 
an architect in his practice will be found there, avoiding the 
necessity of other hand-books. Throughout both volumes the writer 
has carefully read all proofs to insure correctness. 

The work has extended over several years ; this has not been due 
to any lack of enterprise or liberality on the part of the publishers ; 
but to the fact that the study, writing, and proof-reading had to be 
done in such time as the writer could secure outside the duties of an 
exacting professional practice. 
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CHAPTER VIII. 

THE NATURE AND USES OF IRON AND STEEL. 

IITIIE introduction of the use of iron into the construction of build- 
Jl "*o^ ^*^ practically revolutionized modern architecture; the 
introduction of steel promises to make etpially great changes. 
The cost of these materials is comparatively so much greater than 
the ordinary materials used, such as brick and wood, and, again, the 
uniformity of tlieir com]X)sition and strength is such, that in their use 
the smallest fiictors-of-safety are used ; that is, the size of material 
used is very much more nearly e({ual to its ultimate strength than 
is the case when using cheaper or less uniform materials. Where, 
therefore, we " run so closely to the wind," it is essential that the 
nature and use of the material be thoroughly imderstood by the arch- 
Three Kinds of itect. Iron is used in three different kinds in build- 
Iron, jng ; namely, wrought-iron, steel, and cast-iron. 
Each has its uses and merits, and its disadvantages. All are really 
but iron in different combinations. Their differences depend mainly 
on the amount of carbon they contain. The more carl)()n, the more 
brittle, but harder is the iron. The less carbon, the more flexible 
and elastic, but softer is the iron. 

Wrought or rolled iron is the softest, that is iron in its purest form. 
As it combines with itself a small amount of carbon, it becomes soft 
steel. The absorption of more carbon makes harder steel, until 
finallv it becomes cast-iron. Pure or real metallic iron does not 
occur in nature, in commercial (quantities, if at all. It is extracted 
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Iron Orts. from the various ores of iron, the chief of which are 

known as magnetite, red and brown hematite, limanite, sidcrite, etc., 
being various combinations of iron, with oxygen, forming oxides; of 
carlx»n and oxygen forming carbonates ; and of hydrogen and oxygen 
forming hydrates. Other minerals, rich in iron ore, are found, but 
canncit be used in the manufacture of irons, on account of the large 
percentages of sulphur, copper, phosphorus and other substances 
tliey contain, which, if present in the finished product even to the 
smallest extent, render it unfit for most uses. 

In the manufacture of pig-iron, the ore — or preferable an intelli- 
gent mixture of ores — is smelted in a blast furnace with the addi- 

Manufaoturaof ^^^^ ^^ ^^^^ ^^ coke (or a mixture of both), as fuel, 
PiS-lron. and limestone, or some substitute, as a " flux." 
Tlie blast furnace itself is roughly of the form of an upright 
hollow cylinder, sometimes 100 feet high, but usually from 50 to 80 
feet high and from 20 feet to 25 feet in diameter. The structure 
Blmm Wurnmcm* has a strong masonry foundation on which rest about 
eiglit cast or wrought iron columns, some 10 to 20 feet in height. 
These sustain a plate-iron casing enclosing the whole furnace from 
bottom to top. Inside, the furnace is of the shape of two truncated 
cones, placed base to base over each other, with a short cylinder at 
M«arth and ^^^ bottom, being thus somewhat narrower at the top 
Oruoibia. ^nd bottom. The bottom of the furnace is called 
the *< hearth ; " about 5 feet to 7 feet above the hearth is 
the ** crucible ; " from hearth to crucible the furnace is cylindrical 
and from 6 feet to 12 feet diameter. From the crucible to the 
•* bosh " which is some 20 feet to 30 feet above the hearth, the fur- 
nace enlarges to some 14 feet to 20 feet diameter, sometimes even 25 
feet diameter. From here to the ^* throat " which is the extreme 
top, the furnace narrows down again, being some 10 feet to 15 feet 
diameter at the top. The furnace is lined inside with an infusible 
lining of fire-brick, and the charging of ore, fiux and fuel is kept up 
constantly, and of course the fire and smelting process kept going, 
without stop, barring accidents, for many months at a time, and until 
this lining gives out ; as a rule, the fire is continuous for from two to 
four years. The lower end of the furnace is closed save for an 
orifice at the bottom pierced through the walls about horizontally 
and known as the ^* hearth." In this pit the melted iron as it is 
reduced, being heavier than the fiux, impurities or fuel, settles down 



THE BLAST 



uid collects, until sufHt^k'nC is obtained to justify the tapping or with- 
drawal of ilie plug from the orifice, wtien, of tourse, the pressure 
from iiliovu forces out llie molten iron, W\Mt being thus withdrawn 
Castini PiB- flows oil tkroiigli dikes nud furrows in liio s.ind of 

Iron. tim tngting-bouBe floor. This tapping is done from 

three to (our times every twenty-four hours. TLie main or feed 
channels through which the metal flows off directly from the furnace 
are known as the "pows"; at right aogles to tliese, at frequent 
intervals, are the short furrows known as the " pigs-" These are of 
convenient size for handling, and when cooled, are broken from the 
" sows " and toria what is known in eommerec as " pig-iron." 

Just under the crucible, that U, above the level to which the 
meltcil iron is allowed lo rise in the hearth, or some 3i feet to 8 feet 
Above the heartli, there are from five to eight radial openings in the 
walls of the furnace admitting the " tuyeres " which are blast 
Dozzlei, coole<l by the circulation of water in tliem, and through 
which hot or cold air is forced horiKODtally into the blnct furnace. 
Mot and Cold T^*' product is known accordingly as '' hot blast " or 

Olan. ■■ L-old blast." The pressure under which tlds air 

has to Iw farced in, varies, according to circumstances, between 3 
and 13 pounrls per square inch- 
As alreaiJy remarked, the walls of the furnace widen out above 
this forming what is known as the " bosb " or the main body of the 
furnace. Above this the walls usually narrow down, the narrowing, 
however, depending upon the ore used or the product desired. This 
part iscallc<l the '-stack." Intheboshaudin the stack the distinctive 
phenomena of the blas^f^rna<.■e mainly take place. Tlte top where 
the walb always narrow down considcrahly, forming the " throat " of 
the furnace, is usually closed nowadays by a cone drawn up against 
s conical hopper, and only opened to allow of the charging of ore, 
(lux and fuel, which is done in alternate layers, after lowering the 
cone a Utile- The cone, of course, being again drawn up tightly 
into place, after t)ie charging. The furnace is kept constantly full, 
Oharsins ^ ^^^ throat, being charged as often as the material 

PurnacB. settles or is withdrawn. The charge usually con- 
sists, first, of from 1 to 3 tons of fuel — (coal, or coke, or both) — 
and then a mixture of ores in proporlion of IJ ton of ore to each ton 
of fuel. After this the limestone or flux is put in, being in weight 
from 40 per cent to KU per cent of tiie ore. The materials are 
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hoisted to the top in iron barrows by proper machinery. Where the 
tops of furnaces are kept closed, the blast — (or heated gases at 
the top) — is conducted off through flues immediately underneath 
and around the top. Part of these heated but otherwise waste gases 
Hot Blast. are then passed through iron flues to the brick 

chamliers, called " hot blast stoves," or around iron pipes, and serve 
to heat the ** blast ** or feed draught of the furnace, where a ** hot 
blast " is used, thus saving fuel, increasing the output and effecting a 
considerable change in the nature of the pig-iron. 

The air for the hot blast is heated by passing it through the above 
mentianed iron pipes around which the gases play ; or, where the 
brick chambers are used, the gases are turned into the chambers 
alternately, that is, one after another until the brick linings of one 
set of chambers are highly heated ; the gases are then turned into 
the alternate set of chambers and the air to be used in the hot blast 
is admitted to the first set and becomes quickly heated to a 
temperature of from 900° to 1500® F. by contact with the hot bricks. 
As these cool the process is reversed, the alternate chambers being 
now used. These chambers are about 1 7 feet diameter, 60 feet high 
cylinders of plate-iron, made air-tight and lined with 6re-brick. 
The interior being lined with a mass of intersecting flues of fire- 
brick. The balance of the hot gases which do not pass to these 
chambers are used to heat the boilers, which supply the necessary 
8team-])ower for the hoisting machinery, forced blasts, etc. 

The process of smelting ores into pig-irons is, then, roughly this : 
The ore, flux and fuel are charged into the furnace from the top, in 
alternate layers at stated i)eriods. A fierce fire is kept going and 
supplied witli the necessary air (either hot or cold) for combustion at 
Description of ^^**^ bottom by means of a forced draught. As the 
Process. above layers descend in the furnace they chanjje 
their nature. The fuel gives out carbonic oxide which reduces the 
iron. The latter gradually separates from its impurities and com- 
bine.^ with more or less carbon from the fuel. The ashes of the fuel 
and impurities of the ores combine with the flux (the melted lime- 
stone), and when all reaches the l)Ottom we have the pure melted 
iron (with more or less carbon) at the very bottom or hearth ; over 
thirty in the crucible, float the melteil flux and combined impurities ; 
alwve come layers of less perfect iron, flux, partly-consumed fuel, 
and so on to the top. Before drawing off the melted iron at the 
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bottom, the impurities and flax, known as the " slag," immediately 
above the melted iron, are first drawn off.^ 

To be more technical in the above description, we should say that 

Chemical *^® ^^^^ ^^ vcovl^ whether oxides, carbonates or 

Process, hydrates, are reduced either by tlieir preparatory 

roasting or during their early passaore down the top of the furnace 

shaft to the state of oxide of iron (ferric oxide). 

The ensuing reaction in the furnace is, therefore, for all practical 
purposes, the reduction of this ferric oxide (Fe, O,) when red hot by 
the action of carbonic oxide (C O) produced by the incomplete combus- 
tion of the fuel fartlier down the furnace. The iron gives up its oxygen 
to the carbonic oxide leaving metallic iron (which then takes up with 
some carbon) and carbonic dioxide (C Oj) which passes away in the 
waste gases. It should be noted here that pure metallic iron is 
infusible at the temperature obtainable in the blast-furnace. Its 
combination with carbon, however, to the extent of from 2 per cent 
to 5 per cent renders it easily fusible, and constitutes the pig or cast 
iron. Were it not for this fact the blast-furnace would be impracti- 
cable, as can be readily imagined. 

The mission of tl^e limestone or other fluxes, is mainly, when 
melted, to effect a more ready fusion or separation of the earthy 
UseofFliix. impurities or "gangue"in the ore and to take up 
the ashy remnants of the fuel. It is found that the earthy bases are 
more fusible to an extraordinary degree when they are present 
together in numbers. Further, the addition of lime takes care of 
the silica present in the ores, which otherwise would unite with the 
iron, forming silicates of iron, which, though fusible, are difficult of 
reduction, and further prevent to a certain extent the taking up 
of carbon by the reduced iron, thus entailing a waste in two ways. 
The ordinary gangue or matrix of iron ore itself is clayey (argilla- 
ceous) or quartzose (silicious). The addition of lime or limestone 
(or dolomite) results in the formation of a " slag " which is readily 
fusible at the existing temperature. This slag, which when cold 
somewhat resembles bottle-glass, is much lighter than the molten iron, 
and as it collects above it, is drawn off just before casting from the 
surface of the melted iron in the hearth through openings placed at 
the proper level, just below the crucible. 

1 This slag forms the basis of the '* iniQeral wool," largely used for various pur- 
poees. 
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All Scotch irons : UBed as io/tenera, in connection 
with scrap-iron or lower grades of American pig- 
iron for cheap and inferior castings. 



English Bessemers : are soft and strong and are 
used in place of best Scotch iron. 



To undertake to enumerate all of the brands of pig-iron used in 

Brands of casting would be an endless task. A few, however, 

PlVlron. jjjj^y- y^Q jjgj.^ mentioned. 

Amongst those principally used in the New York market are : 

Goltness. 

Summer lee, 

Shotte, 

Langloan, 

Dalmellington. 

Clyde. 

Efflinton, 

OTenffamock, 

Oartsherrie. 

Gleator, 

Lowther, 

Lonsdale. 

Manhattan. (New York), 

Low Moor, (Virginia), 

Thomas, (Penn.), 

Crane, (Penn.), 

MusoonetcoDg, (Penn.), 

Sloss, (Alabama), 

Woodward, 

Spearman, 

Carbon, 

Granger, 

South Pittsburgh, 

Alice, 

Citico, 

Chattanooga, 

Hudson, 

Ck)ld Spring, 

Sheridan, 

Leesport, 

Coleraine, 

Brier Hill. 

Secaucus, 

Castle 

Poushkeepsie, 

Copley, 

Glendon, 

Andover, 

Taylor, 

Cornwall, 

Bethlehem, 

Stanhope, 

AUentown, 

Harry Clay, 

Harrisburg, 

Mill Creek. 

All pig-irons are graded in three kinds, namely, Mill iron, Foundry 



All American brands. ^ The Manhattan Is very 
fine ; Secaucus and Castle are very strong ; 
Thomas and Glendon are very popular and their 
Nos. 1 and 2 largely used for strong and good 
castinn. The last three on the list are weak 
and sort cinder irons and are unfit for architect- 
ural uses, being used principally for stove-plates 
and pipe making. 



Grading; of 



iron and Bessemer ^ iron. Each of these is 



again 



Pig-iron, subdivided into the following six grades : 
No. 1, No. 2, No. 3, Grey Forge, Mottled, White. 



* For makers* names and addresses, see ** The Directory of the Iron and Steel 
Works of the United States," published by the American Iron and Steel Associ- 
ation, 261 S. 4th Street, Philadelphia. 

'Any foundry iron which is sufficiently low in phosphorus (not over 0,1 i)er 
cent) and silicon can be used in the Bessemer process. 
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" No. 1 " is the best and strongest, " No. 2 ' the next best, and so 
on to the " White," which is the poorest quality. Grey irons contain 
more graphitic carbon and are softer and more fusible than white 
irons, which contain more combined carbon, and are much harder 
and more brittle. 

If the pig-iron on fracture is dark grey with spots it is soft and 
will run freely into the mould, making a good casting but not a 
strong one. Black specks, if present, mean carbon. If the carbon 
in the iron is chemically combined, it will show white metal, with no 
specks, on fracture, in which case the iron is very hard and brittle 
and will not flow easily into the mould, but will make a very strong 
casting. 

For rolling or mill work the most used are the Nos. 2 and 3, Grey 
Forge and Mottled of the mill irons. For castings the most used are 
the Nos. 1, 2 and 3 and Grey Forge of foundry irons; the Mottled 
and White being usually sold for cheap mill-work. 

For steel the iron should be as free as possible from phosphorus 
and sulphur, and the same, so far as possible, for rolled-iron. The 
presence of these makes iron fluid and soft and good for fine castings, 
but unfits it for rolling or forging. 

Irons for mill and steel work are usually much stronger than for 
foundry work. 

Scotch irons are used in castino^ to make the melted iron more 
Scotch fluid, to soften it; but they greatly weaken the cast- 

Softeners, ing. For very fine castings, Coltness is the best and 
softest. For ordinary architectural castings, such as columns, 
lintels, etc., either Glengarnock or Eglinton (both Scotch irons) can 
be used ; using one-third Scotch to two-thirds of some good American 
iron ; using Nos. 1 and 2 of the latter in ec^ual proportions. 

Sloss (American) iron is now frequently used by good manu- 
facturers as a softener in place of Scotch iron. 

For good and yet strong castings, use Tliomas, Crane, Copley, 

Strong Manhattan, Jjow Moor, Glendon or Coleraine. Add 

PlK*lrons. Sloss or Scotch for extra fine castings. Or add 

Glendon, Secansus or Castle for extra strong castings, using the No. 

1 mill irons for the strongest work. 

For rolled iron-work use Glendon, Andover, Taylor, Thomas, 
Stanhope, AUentown, Cornwall or Bethlehem. The latter two being 
used for steel. 
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In every case the better tjualities (Xos. 1 and 2) will, of course, 
give the best results. 

Unwin compiles (from a paper published by Mr. Turner in the 
Transactions of the Iron and Steel Institute of 1885) the following 
Tables of percentages, density and weight, for cast-iron : 

TABLE XXVI. 

ANALYSIS OP CAST IRONS. 



Combined Graphitic ' cn**^« 
Carbou. , Carbou. Silicon. 



Greatest softness. , 

** lianiness 

'* general strength . . . 

** stiffness 

** tensile strength. . . . 
*' crushing strength. 



0.13 



0^ 



over 1,0 under 2,6 



3.1 



*> 8 



2^ 


under 0,8 


1.42 


1.0 


1.8 


about 0,8 



TABLK XXVII. 



I>KNSITIl':S AND WEIGHTS OF CAST IRONS. 



Matrriau 



Density. 



Park-groy foumiry-tnm. 

Grey fouudrylitui 

MtHtli»»l rountlrytnm.... 
Whllti Iron 



6,80 
7.20 
7,35 
7,80 



Weight per cubic 
I foot in lbs. 

I 



425 
450 
458 
474 



For wnHi;{)i(-in>n rnwin ^ivos this analysis : 

(*iirlttin O.O'J to 0,'Jft ptT cent; Manganese 0,0 to 0,3 per cent; 
Sllltnii 0,(» tti 0,'i |M'r <'i«nt ; Sulphur 0,0 to 0,015 per cent; Phos- 
pltoruN till' Miini', ami I*uro Iron IH) to i)l),5 per cent. 

Imu' stt'nl, nf (MiuiHiS the proportions vary greatly with the amount 
iif oMiltoii It contuluN. 



MANUFACTURE OF CASTINGS. 9 

From pig-iron is produced cast-iron, steel and wrought - iron. 
Castings are generally made from pig-Iron. In some rare cases 
cheap castings are made the same as the pig-iron, from the '* first 
melting," that is, directly from the molten ore. Most castings, how- 
Manufacture ever, are made from the second melting, that is, 

of Cast-iron, the pig-iron is re-melted in a cupola or reverbatory 
furnace with more flux to take up any remaining impurities, and the 
molten mass run out into the moulds. The second melting makes of 
Moulds flask course very much better work. The moulds gener- 
and core, ally consist of a wooden llask or box, made in parts 
which are secured together by clamps, the parts generally being 
halves, top (cope) and bottom. This flask is filled all around the 
inside with a lining of a special dampened black or green (fascia) 
sand ; into this sand the mould or pattern of the outside of the cast- 
ing is pressed and, after ramming the sand, removed, leaving, of 
course, the impression of the outside of casting. The core is then 
secured into position in the flask. The core is the reverse of the 
mould being sometimes a sand pattern covered on the outside with a 
similar rammed sand made to fit the hollow spaces on the inside of 
the castings, and stiffened with an iron piece called the " arbor," but 
usually made of a baked mixture of sand and clay or flour, which 
forms a friable, infusible mass, which can be easily broken up and 
removed after the casting has cooled. The top flask is then secured 
over the whole, and the molten metal is run in tlirough convenient 
holes left through the flask, until all the space between the core and 
mould is filled with metal. The gases generated escape through 
holes left in the cope, and from the core by putting iron rods along 
the arbor which are withdrawn before casting. The whole is then 
covered with sand and allowed to cool slowly if of varying thick- 
ness ; if the casting is long and thin it is *^ stripped *' of the moulding 
sand to prevent warping. The inside of the mould is frequently 
painted with coal dust or charred oak, or dusted with flour of plum- 
bago, which generates hot gases that prevent the too quick chilling 
of the external surfaces of the casting by the dampened sand and 
makes a clearer surface finish. When cold the top flask is lifted off, 
the arbor withdrawn and the finished casting removed from the 
bottom flask. The casting is then chip|)ed off and finished. Small 
and cheap castings, such as separators, are revolved in a rumble (a 
sort of barrel) for the finishing process. It will be seen, therefore. 
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that the most ecoDomical castings will be those which are so designed 
■oonomlcal ^^^^ ^^® pattern can be easily withdrawn and the 
Oastinss. flask readily made in simple parts ; in which case 
it is only necessary to line the flask with a fresh layer of sand 
for each casting. Whenever possible, castings should be made in an 
upright position (the metal being, of course, run in from the top), as 
the long core, if horizontal, being unsupported except at its ends is 
apt to sag in the centre, or float with the metal, making uneven 
thicknesses in tlie casting above and below the core. To avoid this 
the core should be supported by small iron ** chaplets," which mix 
and combine with the casting. There is also danger of slag and other 
impurities that may be carried into the mould floating to one side. 
In upright castings or where there are large vents they will float o£f 
on top.^ To discover whether the casting is or is not uneven, the 
architect should have every column or long hollow casting " tapped " 
Inspection by ** about midway of its length. Tapping consists of 
Tapplns* drilling a hole, about three-eighths of an inch diam- 
eter through the shell. A small wire with the end bent at right 
angles is inserted in the hole ; the bent part is drawn closely to the 
inside of shell and the outside of shell marked on the wire, which on 
being withdrawn gives the exact thickness of shell. In case of 
rectangular or round castings there should be four such holes bored, 
two opposite each other and the other two the same, but at right 
angles to the line of the first two. All of course in the same plane, 
and about midway of the length of casting. 

The amount of metal in the shell is then readily ascertained, also 
whether the casting is of even thickness. 

For a good strong casting it is very essential that all parts should 
■ven thickness ^^ designed (and cast) of even thickness. Castings 
*>••*• of uneven thickness vary greatly in strength for 

two reasons. For some reason not thoroughly understood, though 
generally attributed to the influence of the gases produced in the 
flask, the outsiJe layers or " skin *' of castings is supposed to be very 
much stronger than any other part. The metal on the inside seems 
to diminish in strength the farther it lies from the outside. . (Experi- 



* On the muzzle end of cannons are cast heavy ** sink heads," which contain 
the greater part of all impurities, leaving the good solid material for the guns 
proper* In heavy castings a flow or pathway is provided, more metal is poured 
than needed, and as it flows off it carries with it the dirt and impurities. 
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e the theory of I 



Bta u to whether the skin 
are conirailictory, the laioBi 

II is found, honcver, by actual experiment tliat castings from the 
ThlncanlnBa """^ metal, made at the same time, vary according 
•ironKest. to their thi(;kneM lo strength, the tliinnest being tlie 
strongest in proportion to their metal, and the thickest the weakesL 
Another se no ita obje<?tion to uneven thickness in castings is the 
nnevea coaling; that is, the thin parts cool before the thicker ones, 
and the consequence is the production of internal strains in the 
metal, the part* which have cooled rapidly, contracting and pulling 
»way from the other parts. This means tension, nnd a constant 
tension right in the metal and befurc any external strains <-ame upon 
it; this freipiently i» tlie cause of the sudden and othvrwise inei- 
plicable failure of the toasting, 

It 16 essential, therefore, that not only should cas^i^on coo! evenly, 
DanKarof Sud- l*"' »'«' »» »'""'>' ** possible, to allow the contract- 
elax.' It is well-known that if a cast- 
tance — be heated in afire and then 
9 of water played against it, that it is 
o from the sudden tension put on the 
this reason all such castings should be 
BtUTOunded with non-conducting, fireproof materials wherever placed 
in inflftmmnhle Imildings, or surrounded by inflammable goods. 

Another essential in good castings is, not to have them too big and 
BiK castings heavy ; otherwise it is imiiosBible to keep the entire 
''o^' mass of same fluidity; that is, to prevent ports from 
eooliug before other parts have yet been filled with molten metal. 
The result of such castings is apt to he weak from intcrnnl strains, 
duo to unequal casting and cooling, to be weak on account of the 
thickness of the metal, and to Im spongy or filled with air bubbles, 
due to the gases escaping at one end and mixing nith the molten 
metal running in at the other end. Sand-holes in castings are, of 
course, due to the use of a poor quality of saml or improper rAmuiing 
or to the iiru».'nce of dirt, scum or other impurities. 



danOoalliK- ing parts to 
ing — column or lintel for i 
suddenly be cooled by a stre 
liable and likely to snap in i 
metal in rapid cooling. Foi 
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Another essential in good castings is to round all angles, that is, 

Avoid all sharD "°^ *^ ©^ abruptly from one surface to another at a 

•nslea. right or sharp angle to the first : this, for the same 

reason that uneven thickness is avoided, namely, the danger of internal 

tensional strains. 

In casting plates it is desirable to have a large circular hole, if 
possible, in tlie centre of the plate, or else several holes, which will 
largely prevent the great strain, in cooling, on the centre of the 
mass. 

The contraction of cast-iron in cooling, from its bulk when fluid 
•hrlnkAKein depends on its thickness and its mixture. It is 
OAstlngs. about i" jHir foot for thin castings, for castings IJ" 
thick about -f^" per foot, and for castings 2" thick alwut ^" per 
foot. Tiie moulds and patterns are, therefore, made correspondingly 
larger than required by the architect's drawings. 

All that has been said of iron-castings applies equally to steel- 
•t««l-OAstinKs« castings. But as these are made at a temperature 
some 7UU° to 800° F. higher than for cast-iron, the contraction is, of 
courtte, much greater, and also the danger from unequal shrinkage. 
To avoid tills, steel-castings are usually annealed, that is, left for 
•ome 24 hours in a furnace at 1 700° F. — (the melting point being 
alKiut 3500° F.) — and are then allowed to cool slowly. 

In the manufacture of rolled or wrought iron the pig-iron forms 
Manufacture of ^^^^ basis, but is sometimes first refined, though in 
Wrought- Iron, many of the grades the refining is omitted. This 
ri'llning connists in the conversion of the carbon contained in the 
pljj-iron from the graphitic to the combined state. This is done by 
biTuking the pig-iron into convenient lengths for handling and melt- 
In^; the Iron and atlding to it different substances to attract and 
remove the earthy imj)urities. To reduce the carbon the most usual 
pi'oreHH iH the forring of strong currents of air through tUNcres down- 
wurdn onto the melted ma^s, which stirs it up and uniting with the 
eurlH)n, fornix a carbonic oxide gas and ignites and burns part of 
till* ciirbon away. The melted mass is run out into shallow metal 
Ii'oukIih, and cooled suddiiuly by streams of cold water. The object 
of ihU ituddeii cooling, is to make white iron, that is, to prevent the 
reinalidn); earlxjn from separating itself and resuming the graphitic 
fonii. 

riie t'dfined (or pig) iron is next puddled; this consists sometimes,' 
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MANUFACTURE OF ROLLED IRON. IS 

■toflnlncand ^"^ rarely, in remelting the iron, being the third 
PuddllnB. melting, adding flux to attract tlie impurities, they 
and the flux being run off as iron slag ; but usually in puddling the 
iron while it is still in pasty form, immediately after the removal of 
the carbon in the second melting or refining process. The pure iron 
forming a pasty mass is collected into separate lumps called puddle 
From puddle balls or loups, by the puddler, who stirs the mass 



'""bar. around with his puddling bar, thus gradually form- 
ing the balls. When the puddle ball is of sufHcient size, usually 
weighing from one to six hundred pounds, the puddler draws it out 
of the fire, and throws it on a wheelbarrow or truck ; it is now run 
as quickly as possible to a steam hammer, where it is thoroughly 
pounded and thus welded into wrought-iron ; or in more modern 
mills it is put into a rotary (Burden) stjueezer which consists of a 
corrugated pinion and iron collar, situated one within the other, but 
eccentrically ; the pinion revolving inside the collar, which is station- 
ary, the puddle ball going in at the wide end, is kept constantly 
revolving by the corrugations, and at the same time is squeezed and 
drawn through and reduced between the pinion and collar, finally 
emerging at the other (narrow) end in cylindrical shape, and in 
nature partially rolled-iron, the slag and gases being squeezed out. 
From liere it is taken while still heated, and several times run 
through Ijetween a pair of rollers which revolve in opposite directions 
under great pressure ; these rollers have grooves along their surfaces, 
the largest at one end and diminishing gradually towards the other, 
thus gradually shaping the mass as desired into *^ muck bars," which 
are pieces of partially rolled-iron of convenient size and shape for 
handling, usually from 3 inches to 6 inches wide and ^ inch to | inch 
thick in section. The length of each bar, of course, depends upon 
the weight of puddle ball. 

When beams or other rolled-iron shapes are to be rolled the cold 
System of muck bars are sheared off to convenient lengths 

Pillns. and sufficient of them tied together with wire into 
bundles to make the desired length of beam or other shape. This 
is called piling. Usually from five to nine muck bars are piled on 
top of each other in each bundle. 

The details of piling and size of muck bars, of course, vary in 
different shops. 

The Phoenix Iron Company form their pile for beams over nine 
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Fig. 160. 




Inchcf deep very ingeniously, by rolling bars of different shapes, 
which are keyed and fitted into each other and are driven and held 

firmly together by wedges, as 
shown in Figure 160. 

The writer believes that 
there are only a few mills using 
this method, which is to be re- 
gretted, as the advantage of 
having the grain or joints of 
the rolled-section longitudinal 
to each part is very great over 
the method where the seams 
run at right angles to the web, 
aa is the case in the ordinary piling. 

These bundles or piles are put Into the fire and heated to an 
Rolling out the almost white heat. They are then put on barrows 
Pll«». Qp trucks and run as fast as possible to the rolls. 

These are arranged in pairs or in threes in a long line. The rollers 
are about eight feet long, the ends supported in cast-iron stanchions 
(called housings) of tremendous strength, the pressure against them 
being very great when the iron is forcing its way between two rollers. 
In " two-high mills " there are two rows of rollers over each other, in 
" three-high mills *' there are three rows of rollers over each other. 
Desorlmion of ^<^h row of rollers revolves in opposite direction to 
Rollers. the next row over, the result being that the iron is 
drawn in and squeezed between them. The roller has cut along its 
surface grooves which gradually shape the heated mass to its final 
section. The first set of teeth shape the iron roughly to the shape 
desired, the next pair come a little nearer to the shape, and so on 
till the last pair which give it the exact shape ; for large sections it 
sometimes requires two sets of three-high rollers for each piece, but 
usually one set answers to roughen and finish the piece. Of course 
the length of the piece increases as its cross-section is diminished by 
the squeezing process of the rollers. Where the rollers are three- 
high, the heated bundle or pile is run through the first set of grooves 
Proceee of ^^ ^^^ lower pair of rollers in one direction ; as it 

Rolling, comes out on the other side, it is picked up by a 
pair of tongs (usually manipulated by hand, but by steam when large 
pieces are being rolled), and carried to the upper pair of rollers, 



iclicre it runs back through their first pair ti( grooves but in l.he 
opposite direcliDn. It is then c&rrieil to tlie second pair of grooves 
in the lower roUen wliuK it nin» throi^h in the same ilirei^tion aa 
through the HrsL, then Imck lliroiigh ihu second pair of groovea iu 
the upper rollers and so cm to tho oml. Where the mill ia only two 
high the rolling it all done in the isme diruulion, the iron being run 
back DV(^ tlie upper roll, its friction on and the turning of the roll 
fu.-ilitnting greatly the work of getting it back quickly. The opera- 
tion of rolling continues djring the one heating of the bundle or pile 
oi Tclined iron, as, of course, the furnaces would not be large enough 
lo r«-heat long pietes. The rolling must, therefore, be very rapid, 
■nd no delay ehould take place. The pri^ssure uf the rolls is so 
great lliat if the mass meets with any ol>slacle, instead of stopping 
and wedging in the roll the balance will run on out and curl the 
piece all up, sometimes even pushing the end up through the roof. 
When ibc iron has made Its dual pass^^ through the rollers nnil is 
iBhtenlns properly shaiwd in section, it usually is all curled 
tno Piecoa. up lengthways in both directions. It is still at a 
cherry red beat and is, therefore (after having the defective parts at 
the ends cut off by a circular saw), either run onto or quiekly carried 
by B gang of men and placed lengthwise aurosB a long serleH uf skids 
or rollers. At the other ends of these sklda are iron upright stops. 
A gang of men armed with heavy wooden mauls or mallets belabor 
the llat side of the section its entire length till it touches the skids at 
every point. They now move it over against the stops and belabor 
lliB short edge or tlat side of flange, till the flat side of the other 
flange toucbcA the stops at every point. This, of course, straightens 
the beam or otlier section lengthwise in both directions. It is now 
allowed to coal and is ready to sell for use. Plate-iron in xtraight- 
eDcd KS above. Beams and channels are straightened cold iiy being 
run through a gng press. Angles are straightened cold by running 
through straightening rolls. 

StnKlaliflfineii' ''^" rolled as above is the ordinary rolled-iron of 
Iron. commerce and :s known as me rcliau table or " single 

For better qualities the muck bars are heated and rolled into 
^ates of single refined-iron. When forming the bundle or pile llie 
top and bottom layers consist of tlie single refined plates, the intcr- 
mediale layers being muck bars. Ur the top, bottom and centre 
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hijen are of single refined-iron plates, the other layers being muck 
bars. This is generally known as *' extra refined-iron " and a small 
1^^ advance is charged for it over single refined-iron. 

RsfliMd-lroii. For the best work all the layers in the pile op 
bundle are made of single refined plates, no muck bars at all being 
Qpyi^l^ used. This is known as '* double refined-iron " and 

RafiiMd-lroii. |^ considerable extra price is charged for it over the 
cost of single refined-iron. 

For very important tension-members in trusses or arches, or for 
important hangers it is very desirable to use the double refined-iron. 
But, as a rnle« the best results will be obtained by being satisfied with 
whatever kind of iron the mill is accustomed to roll. It stands to 
reason that a mill will not upset its regular shop practice and line of 
work for a sin^^le onler unless well paid for it, so that, as a rule, it is 
nit>re speedy and moiv eiH>nomical to take their regular iron and use 
a largvr siie of cnvss^sivtion. Then, too, where double refined-iron 
is onlorvnU the nK>5t constant supervision will \ye needed to get it. 
The uu»n will pn>liAbly pr\»for to relapse into their regular ways even 
if the prinoi)uils do not. Then, too, in a report to the Government 
of a larv:\« s^'ries of ox|H'riments made at many mills and tested at 
the Watortowu Ars^'naK it was found that the result of the double 
refiuiut; wa« harmful at times, and that its value depended entirely 
U|H»»i I he natur\' of the muok Imr. 

Whoiv I ho muok Imr wu!» of a deoidetlly poor quality, showed air 
IHiimtof »v- holo!«, l^Usivrs, and a general crystalline appearance 

♦ml RoMmna. ^ii^ frnoluiv, or splutleriMl greatly while being run 
tht\Miv;h the iA»lar\ !*q\uv»er or the steam-hammer, denoting the pres- 
*M\oo ol' \\\\w\\ vU^ tuul impurities, that is when the quality of the 
nou k l^u' iVMMuMed \\\i\X of a dirty and |H>or oast-iron, the double re- 
IImok \\{^« of >^(-oat MM'MOO in mlding strength to the material. 
WluMo, l»o\\o\ov, ibo mnok bar was of a giHHl quality, the puddle ball 
iiplunoUux; Imt liitlo in iho rotary wpiee/or or in the steam-hammer, 
Hud tbo Muu k hav tlM^lf ^howiuJ; on frav*turo a goodly part of fibrous 
•^S'»U»u iu\d tbo balaut o with but Utile impurities, the double refining 
\x^i txmuvl Us iHvxUUoK lujuro and woakon the iron, to dry it up, as 
W \^s^\s\ Wss \\u\ tJ»o nuooo^^lxe la>ors distinotly visible, when the iron 
ioo««od b> \^:\\\\u\ a>\a> it^ od«»o with muriatic acid, or in circular 
|vU»o- yU^wwy \\\ *\\ss\\\\w au»l o|HMiiu*i tUo suooessive layers on fract- 
\»»o tbi . i»» <bo . .»^o or double ivtiuinj; of jHH)r-<piality muck bars 
sS'^ti i\\^^ «\oH^l,\ >o maikod. 
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It concludes, therefore, that some impurities help to amalgamate 
the final layers, and that where the muck bar is already of a partly 
wrought-iron nature — partly fibrous on fracture — tliat double re- 
fining works an injury. For important work, therefore, there should 
bo a constant mill supervision by an inspector stationed there for 
that purpose, and the question of double refining or not should be 
K'ft for decision to tests made on the premises. 

Extra refined-iron, however, can safely be used at all times, the 
only drawback being its additional cost, and the doubts whether it 
will l)e furnished as specified unless the work is closely watched and 
inspected. 

Instead of using muck bars to make up the bundles for the final 
Use of Old Iron, heating, the mills sometimes use the cut off and 
otherwise waste ends of beams and other rolled-iron ; there is no 
objection to this if the iron is not too dry, but, as a rule, it is a very 
goo<l practice, as the iron thus gets an extra rolling or double 
refining. Nor is there any other objection than above to the use of 
old rails, beams, or scrap iron, provided always that all such 
material is free from all rust and ia thoroughly cleaned ; where 
mixed with muck bars, and thoroughly cleaned, and perfectly welded, 
it is greatly to be recommended. 

The fretjuent rolling of English iron within a reasonable mit, 
according to Sir W. Fairbairn, improves its (|uality and strength; 
if, however, it is rolled too often, re-heated more than five times, he 
says it quickly loses its strength. 

Pure iron, that is, iron ^ practically'] free from carbon, consists 

_-,^_. ^- when heated to a white heat of a mass of crystals of 

Effect of 

RolllriK. cubical form. The effect of rolling is to elonj;ate 
these cubical crystals into long silky fibres which interlace and bind 
themselves together and form the mass of all good wrought-iron. A 
repeated sudden shock or blow, when cold, or continuous heavy 
vibrations, tends to restore the fibres to their original form, that is, 
crystallize them, the iron becoming very brittle and weak. It is for 
this reason, in testing wrought-in)n, that if it shows crystalline specks 
on fracture, it is considered to be of a poor (juality, provided of 
course the fracture has not been made by sudden blows; if, however, 
the broken section is entirelv fibrous the nature of the wroujjht-iron 
is correct and considered good. If wrought-iron contains sulphur 
it is " red short." or cold short and difficult to roll. 
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Wroughtriron is osuallT sold by the poand, and emeh rolled 
Why w^lcht per s^'tion is known by its weight per ymrd. The 
yanl. rejison of this is that the weight in pounds of a 
section of wrought-iron one yard long is exactly ten times its area of 
crosfHiection in square inches. One-tenth of the weight per yard in 
pounds is then the area of cross-section in stjuare inches. Steel is 
weighed up the same as iron and then two per cent added to what 
would lie the weight oi iron. 

In the above the writer has purposely used the words " wrought " 
Nature of and " rolled " iron interchangeably. They are 

^RoiNSd?rori^ really the same thing. Their nature is supposed to 
Similar. \yQ exactly identical. If any distinction can be 
drawn, it would be that in rolled-iron the elongated fibres are formed 
by rolling, while in wrought-iron they are formed by hammering, 
either by hand or machinery. 

Where a l&rge number of pieces of e<(ual sections are needed, rolling 
is to be preferred ; but for small orders (unless the order is for some 
regular mill section), hammering by hand, or by steam hammer and 
die, is generally preferable ; these latter are frequently also known 
as forged-iron. Welding is the process of heating two separate 
pieces of iron and uniting them together, while hot, by hammering 
or forging, the fibres of the two parts interlacing and forming a 
joint nearly as strong as the material. Any iron that can be forged, 
rolled or welded is said to be malleable. 

There is a quality of iron known as malleable cast-iron, which com- 
Malleabie bines, to a certain extent, the qualities of both 

Oast-Iron, wrought and cast iron, being cast-iron of a semi- 
wrousht-iron character, which can be forged. The forging, however, 
has to be done cold, not hot, as with wrought-iron. The process is 
dencrilxid as emlnidding cast-iron in powdered haematite ore or in 
scal«'s of oxide of iron, or other oxides, and raising it to a bright 
red heat in an annealing oven. Pieces of casMron not over one-lialf 
inch thick can be made entirely malleable by this process; with 
thicker pieces, however, it is only practicable to render the outside 
skin malleable to a depth of about one-<iuarter inch, the depth, of 
course, depending on the length of treatment, the interior retaining 

M»..«.^*..*^ its unaltered cast-iron character. 
RNanuracture ... . , 11 1 

of Steel. The manufacture of steel is still in its early devel- 
opment and as a result great uncertainty attends the results obtained, 



e proper teste are made at every stH<re. Nor have the diSereat 
uiethoUs of manufaL'tnre been tested sulRciently long to definitely 
eilabliah Ihe supwriority of either. 

It is partly for this reaaon, snd also on aecount of the many differ- 
ent kinds of steel proiluee<i — dependent on the varying amount of 
cai'txin it contains — that thei« Are so many radically different pro- 
ccsKs of luaaufnelurc. 

As already remarked, steel in its cheniicBl compoBJlion is the inter- 
mediate between wrought nil d cast iron — wrought-lron being tlico- 
rctically free from earbun, while cast-iron hoa ordinarily a good denl 
more carbon than steel and Mils it in a different form. Steel with hut 
little carbon is called " mild tteel," with much carbon '-hard alcel." 
tliu former t>eing the more reliable of the two for structural work. It 
(liould be noted, however, that whereas in the earlier stages of the 
manufacture of eteel its chemical synthesis was made the criterion, 
yet W-day the oft-mooted ([uestion as to whether a certain product is 
iron or steel is more often determined by reference to its physical 
OharaeterlMlo dmraeteristics iban to its analysis. The physi- 
or Steal, pui characteristic of steel is ihnt it may be cnsl into 
wholly nmlk-ahle ingots, that is, the eaut in^t or lump can be rolled 
or forged in ilB heated state withoiit any intermediate process. This 
\s not true as regards cast or pig iron which is entirely non-malleahle, 
while, on the other hand, wrought-iron cannot be cast, not being 
fusible at temperatures obtaining in the arte. 

The great importance and fiitui-e of steel lies in the above pro- 
perty as also in its large tensile strength, its hardness, and its further 
sdvantagcs of being capable of " lianlenlng" and of tailing a " tem- 
per." It combine* within one metal tho ductility and weldability 
of wroiight-Iron with the hardness and fusibility of cast-iron, and 
this with a tensile strength grcaler than that of wrought-iron. 

Hardening consists in raising the steel to a red heat and suddenly 
Hardanlns cooling it in water ; this greatly liardens steel hut 

titael. does not affect wrought-iron, while cast-iron would 
ily (o pieces under such treatment. Huniened steel can bo softened 
by tempering, this is done by re-heating the hardened aleel, but to a 
lovtr temperature than before, and again cooling it, but slowly, when 
it will be tempered or softened. 

Steel retains magnetL'>m greatly. Wlien struck, steel rings out a 
thurper mctullic sound than iron, hut in physical Hjipcarunce it often 
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resembles wrought-iron to Puch a degree that it is difficult to distin- 
•te«i roiled guish between them by merely looking at their frac- 

colder than tured parts. Steel is malleable at a lower heat than 
• wrought-iron, and for this, (and other reasons, but 
principally on account of the danger cf "burning" it,) — it is usually 
rolled at a much lower temperature than wrought-iron ; being, as a 
result, much more solid, that is, further from the melting point, than 
is iron when passing through the rolls, it requires very much greater 
power and heavier machinery than the latter. 

The production of steel direct from the ore is perfectly feasible^ 
Direct Proceee. but has not yet attained to any relative commercial 
imfKjrtance. 

All the different processes of manufacturing steel really narrow 
Two Principal ^^^^ to the two principal methods of either the 
Methods, addition of a certain percentage of carbon to pure 
or malleable iron, or the removal of part of the carbon from pig-iron. 
To give all the variations practised in these two principal methods 
would l)e impossible here, but under the first method we can cite the 
cementation process or the manufacture of the commercial *' cast " 
steel; as an intermediate process the "Open Hearth" processes; 
an<l under the second method the well-known " Bessemer " process. 

Of these, in its main features the Cementation process is the old- 
est, lirieliy, bars of wrought-iron are packed in charcoal in air- 
Oast-steel. tight retorts or " pots " and subjected to a white 

iieat for over a week's time. The wrought-iron absorbs the carbon 
or alloys with it, showing a blistered appearance — whence the name 
of *' blister " steel — and becomes readily fusible. 

These blister steel bars when piled and rolled once constitute the 
** Hinj;le " shear steel of commerce, or if re-piled and re-rolled 
the " double " shear steel. If, however, they are broken up and 
melted in a crucible and cast into an ingot which is re- rolled, the 
<iuality and uniformity of the product are much improved and it is 
known as "cast" steel; the principal use of which is for cutlery 
antl edge tools. Cast-steel is the hardest, strongest and densest steel 
made, but when raised beyond a red heat becomes so brittle that it 
Open Hearth cannot be forged. It cannot be welded and flies to 
Process, pieces under a powerful blow. 

The Ojxn Hearth process may be justly regarded as the inter- 
mediate j)rocess because it is either the carbonization of or adding 
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of carbon to wrought-iron, or the decarbonization of or removal of 
carbon from pig-iron, both reactions usually existing in one and the 
same heat, as in the best known Siemens-Martin process, which is a 
typical and probably one of the best open-hearth methods to-day. 

It consists of melting a combination of irons in a basin-shaped 
hearth nnder a reverberatory roof by playing on them what is really 
a blowpipe with aflame oxidizing (removing carbon) from the mass; 
or reducing it (adding carbon) at will (but usually oxidizing). The 
combination consists of pig-iron and wrought scrap-iron or old steel 
rails, or else of pig-iron arid iron ore, or sometimes a combination of 
all the above ; when melted down, the one with or in the other, the 
mass is stirred about to render the mixture homogeneous, and after 
Condition preUminary testing of samples, is duly poured into 

known by tests, jngot moulds. Thus the cast-iron gives uj) its excess 
of carbon to the rest of the charge having less or none, and the 
resultant product, which can be controlled with a nicety that is sur- 
prising, is a steel of high grade, with carl>on between limits that are 
well governed from the start to the close of the conversion. The 
ingots are allowed to cool and are then sold to mills not owning steel 
furnaces, who, of course, have to re-heat the ingots before rolling 
them. Where a mill manufactures its own ingots, however, the hot 
ingot is run directly to the blooming mill and rolled into '^ blooms " 
while still hot. 

In the pneumatic or Bessemer process the carbon is entirely 
removed from the pig-iron by oxidation and then the necessary 
amount of carbon to produce the desired (|uality of steel is after- 
■^.i.^— ^. wards re-introduced. This seemingly roundabout 

Process, method is adopted, because it would be imi)ossible 
otherwise to determine promptly or exactly enough when the 
decarbonization should cease, the entire removal of all the carbon 
taking only some twenty minutes. It is easy to determine, however, 
when the carbon, silicon, etc., are completely oxidized, and then to 
introduce carl)on in a known proportion which is done by adding 
** spiegeleisen " as hereafter mentioned. It woidti not be so easy, 
however, otherwise to know at just what point sufficient carbon was 
removed. 

The above operations are conducted in an egg-shaped vessel open 
on top, known as the "converter,** hung like a cannon on "trun- 
nions," into which melted pig-iron is jx)urcd from a cupola furnace, 
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blast or wind furnace. This converter has a perforated lining in 
the bottom through which a forced vertical blast, at a pressure of 20 
to 25 pounds per square inch, enters and bubbles up through the 
molten metal. The action of this blast is distinctly oxidizing, 
the oxygen in the air seeming to first combine with the silicon in the 
pig, forming silica or quartz, which rises as slag to the top. The 
manganese and carbon in the pig are next consumed, the carbon 
passing off in gaseous combination with the oxygen and being thus 
Oonditlon eliminated. By the changing appearance of the 

known by nam«. u flame," which at first is of a bright yellow appear- 
ance but very turbulent and full of flying sparks, then settles to a 
more steady and clearer flame of pink or amethyst color, and finally 
settles down and disappears almost completely from the mouth of 
the converter, the various stages and final total elimination of the 
carbon are known, and at the end the blast is shut off. The metal 
in the converter is at this moment approximately pure iron, slightly 
oxidized or **burnt,*' and is in a spongv' friable mass and non-malle- 
ul)le. Molten ** spiegeleisen *' is then poured in and its addition is 
accompanied by a violent boiling reaction, accompanied by a re- 
appearance of the flame at the mouth of the converter. This 
Spiegeleisen is simply a German pig-iron very high in carbon and 
manganese of known proportions, and is so-called from its mirror- 
like, 8hinv, crvstallized formation. 

The object of the carbon in this addition is to turn the pure iron 
to 8tcel ; the object of the manganese is to take up any excess 
of oxv^en in the melted iron bv forminf? oxides of manc^anese, thus 
preventing the steel from being what is known as ** red short " or 
burned. 

This mixture of decarbonized iron and spicgel is allowed to rest in 
Oastlns of ^^^ converter for a short time or is sometimes meehan- 

Ingots. ically stirred up and then, after pouring off the slag, 
the contents of the converter are tipped into a ladle swinging radially 
on a crane-arm over a semi-circular row of ingot moulds into which 
the melted steel is poured from an opening in the bottom of the ladle 
controlled by a plug. These ingots weigh 4 to 5 tons each : thev are 
allowed to cool as they are in the mould, or else in a " soaking j)it,** 
which is simplv a device for allowing them to cool slowlv on the an- 
nealing principle ; this slower cooling improves the quality of the 
product by more thorougl\Jy eliminating the included gases and avoid- 
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ing the internal strains due to otherwise too-rapid cooling. But, as 
already remarked, where the blooming mill is close at hand, the 
inirots are not allowed to cool, but are run hot to the rollers. 

The lining of the converter is usually " ganister " (silicious sand) 
which is of an acid (silicle) reaction and gives the name of *^ Acid 
process " to that usually adopted in this country. In England and 
on the Continent and presently in Alabama, where ores run too high 
in phosphorous and sulphur to permit of their successful use in the 
Bessemer process, the acid lining is sometimes replaced with a basic 
or alkaline lining made from dolomite, etc. The lime and magnesia 
in this lining unite with the sulphur and phosphorous in the pig form- 
ing a fusible slag, tlius rendering their elimination ]>ossible. This 
expense is not required, however, with most pig made from American 
ores as may be inferred from the fact that it does not represent the 
ordinary practice in this country. 

It is not necessary within these limits to explain the " Clapp- 
Griffiths " process, about the merits of which so much controversy 
Olapp-Orlffiths ^^^ been had lately, further than to state that it is 
Process, an intended modification of the Bessemer process, 
by which it is hoped to modify and cheapen it to the point of render- 
ing it adaptable to plants of small capacity, and also to secure a 
better control over the quality and homogeneity of the product de- 
sired. 

Taking all things together, however, the superiority to-day for 
structural iron seems to lie with steel metal made under the Open 
Hearth process, (first introduced into this country by the New Jersey 
Steel and Iron Co.), because the results desired are under more per- 
fect and intimate control. Ample opportunity is afforded at various 
stages of the process to test and duly correct the quality of the pro- 
duct, and a greater uniformity of the product itself seems to be 
obtained than with the other processes. For railway bar?, Bessemer 
steel has at present largely the greater production being also cheaper 
and is undoubtedly well enough adapted to it, but for structural pur- 
poses, such as ships, bridges, roofs and girders, the best opinion to- 
day seems to incUne to the preferment of the Open Hearth product 
on account of its superior uniformity. 

But, as already emphasized several times, very little is really 
known to-day of the properties of steel and new facts are com- 
ing to light every day. Its manufacture and determination are 
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undoubtedly still in their development, and though events point 

strongly to steel becoming the metal of the near future, there exists 

^^^ . ^ among many reasonably conservative men, a wide 
Use of ftteel not . ° ,, , , ,. ^ . , , 

yet comnnend- and well-grounded distrust of its use m the higher 

able- engineering or architectural structures, on account 
of its mysterious behavior, and frequent erratic ^d inexplicable fail- 
ures. It should never be used, except after the most rigid and fre- 
quent tests, which of course add greatly to the expense attendant on 
its use. 

Except that being cast in large masses requiring very heavy pre- 
liminary ** breaking-down " or " blooming " mills to adapt it to the 
finishing strains, and that usually it is not piled, its subsequent manip- 
ulation to produce the ordinary structural forms is very similar to 
that already described for wrought-iron. 

The ingot, while hot, is run to the blooming-mill, and there run 
through rollers to form the ** blooms," which are each of the neces- 
RoliinKOf ftteel ^^^^ weight in one piece, to make a whole beam or 
Bloom. other shape. The cross-section of the bloom is 

about 3 inches by 9 inche?, the length depending on the weight and 
length of beam or other shape desired, usually from 5 feet to 30 feet, 
the latter weighing a little over a ton each. These blooms occupy 
in the rolling of steel the corresponding place to the piled muck- 
bar or other iron in the rolling of iron. 

The bloom is heated in a furnace and run through rollers, which 
gradually shape it to its final section, the same as with wrought-iron ; 
the only difference being that the bloom is not heated to the same 
high temperature as iron, and, therefore, its resistance to scjueczing 
when passing through the rolls is very much greater than with iron. 
Steel plants are, therefore, not only very exi)ensive, but the amount 
of breakage in housings and rolls is very great. 

The Phoenix Co. are preparing to make steel stock of similar size 
as from the iron muck-bars, and to pile them similarly. This will 
probably be done in time by all the mills, and may lead to a consider- 
able saving in the expense of replacing broken machinery. 

The writer understands that at present the Bessemer process is em- 

Proceeses used P^^^ ^^ ^^^ Homestead Works in Pittsburgh 

by Mills. (Carnegie, Phipps & Co.) ; and by the Columbia Iron 

and Steel Co., of Uniontown, Pa. ; and by the North Chicago Rolling- 

Mill Co., of Chicago; and that ingots made by the Open Hearth pro- 
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cess are bought and used by the Passaic Rolling Mills, of Paterson, 
X. J., and by the New Jersey Steel and Iron Works, of Trenton, N. 
J. ; and that the latter also buy and use ingots made by the Bessemer 
process. 

That the Clapp-Griffiths (modified Bessemer) process is used by 
the Pottsville Iron & Steel Co., of Pottsville, Pa. 

The Siemens-Martin (Open Hearth) process is used by the 
Phccnix Iron Co., at Phoenixville, Pa., who roll their ingots ; and 
that the works now buildincr for the Pencovd Iron Works at Pencovd, 
Pa., are also for the Open Hearth process, but that they intend to 
hammer their ingots. 

These eight mills embrace all the leading mills in the United 
States where structural iron and steel of I-beam, channel, angle, 
deck-beam or tee-shapes are rolled. 

A very cheap and inferior grade of steel, known as " puddled 
Puddled Steel, steel," is made by stopping the puddling of pig-iron 
before all the carbon is removed. 

Many attempts have been made to establish exact lines of demar- 
cation between wrought-iron, steel and cast-iron, but none are very 
satisfactory, though a few are here given. 

Dr. Percy says if the iron be pure, contains no carbon, it is 
fii Aftifi ti wrought-iron (though practically wrought-iron con- 

of Irons and tains some 0,25 per cent of carbon). In this condi- 
steel* ^Jqjj ^Jjq Jj.qjj jg gQfj.^ tenacious, weldable, but not 

fusible. 

If the iron contains some carbon, from 0,15 per cent to 1,8 per 
cent, it is steel, the different kinds of steel varying according to the 
quantity of carbon ; the different steels being Jiccordingly more or 
less elastic, malleable, forgeable, fusible and capable of hardening 
and tempering. 

If the iron contains tnuch carbon, from 2 per cent to 6 j>er cent, it 
is cast-iron and is hard, brittle and fusible, but it is neither weldable 
nor forjjeable. 

Table XXVIII (on page 26), does not, however, agree with what 
is called steel in American practice. Steel with 0,12 per cent of car- 
bon is considered " mild steel," and with 0,3G per cent of carbon 
"hard steel." The former is used for structural purposes. Steel 
with more than 0,12 per cent of carbon will not stand the tests for 
the Government cruisers. 
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The following (Table XXVIII) appeared originally in " Bauer* 
mann's Metallurgy.** ^ 

TABLE XXVIII. 

CLASSIFICATION OF IRONS AND STEELS. 



Name. 


Percentage 
of Carbon. 


Properties. 


1. 


Malleable irou. 


0,25 


Is not sensibly hardened by sudden cooling. 


2. 


Steely iron. 


0,35 


Can be slightly hardened by quenching. 


3. 


Steel. 


0,50 


Gives sparks with a flint when hardened. 


4. 


Steel. 


1,00 to 1,50 


Limits for steel of maximum hardness and 
tenacity. 


5. 


Steel. 


1,75 


Superior limit of welding steel. 


6. 


Steel. 


1.80 


Very hard cast steel, forging with great difll- 
culty. 


7. 


Steel. 


1,90 


Not malleable hot. 


8. 


Cast-irou. 


2,00 


Lower limits of cast-iron, cannot be ham* 
niered. 


9. 


Cast-iron. 


6,00 


Highest carburetted compound obtainable. 



In Table XXIX the writer has attempted to classify systemat- 

Classification icallv the various kinds of iron and steel used in 

or Structural ,.,*;. „,, ,, , , , i , i 

Iron and SteeL buildings. Ihe table has been largely based on 

a similar table prepared for the Stevens Indicator by Mr. William 

Kent. 

Manganese is frequently used instead of carbon to harden steel, 
it hardens it considerably (though not so much so as carbon) and 
does not reduce its ductility as much as carbon. 

Chromium and tungsten are added to and produce very hard but 
yet ductile steels, but add considerably to the expense. Chrome 
steel being used largely for fine tools and vault-works. While cast- 
iron can be melted at 2732° F. and cast-steel at 3aU0° F., wrought- 
Mltis. iron is practically not fusible. By adding, however, 

some i to 1 per cent of aluminium to wrought-iron its point of fusion 
is reduced some 300° to 400° F. and it becomes practicable to melt 
it. This is done in crucibles of fire-clay or plumbago and in petro- 



* Copied from " Xotes on Building Construction.''* 
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leum furnaces. The product is a comparatively new metal and 
known as mitis. Its resistance to tension is about one-fifth greater 
than that of wrought-iron, while its ductility is about the same. 

In ** Notes on Building Construction " is given such a very able 
Resume of short rdsume of the difference between cast and 

Qualitiesi wrought iron and steel, that it will be given here 
with but slight modifications. 

"The great differences in the characteristics of cast-iron, and 
wrought-iron and steel, are briefly recapitulated below, and these 
determine the uses to which they are respectively applied. 

" Cast-iron has little tensile strength, but affords great resistance to 
Cast-iron. compression. 

" It is hard, brittle, wanting in toughness and elasticity, and gives 
way without warning, especially under sudden shocks or changes of 
temperature. It is easily melted and run into various shapes. 

** The castings thus produced are liable to air-holes and other flaws, 
which reduce their strength. Small castings are stronger in pro- 
portion to their size than large ones." Castings should be of even 
thickness throughout and all sharp angles should be avoided. 

" Cast-iron can be cut or turned with edge tools, but is not malle- 
able either when cold or hot, nor is it weldable. 

** It is not so easily oxidized in moist air as wrought-iron. In salt 
water, however, it is gradually softened and converted into plumbago.* 

"Cast-iron is peculiarly adapted for columns, bedding-i)lates, 
struts, chairs, shoes, heads, and all parts of a structure which have 
to bear none but steady compressive strains ; also for gutters, water- 
pipes, railings, grate-fronts, and ornamental work of nearly every 
description. 

" It has been much employed for girders, but is an untrustworthy 
material for those of large size, or in important positions. It is liable 
to crack and give way without warning under sudden shocks, and 
also under extreme changes of temperature, such as occur in the 
case of buildings on fire, where the girders may become highly 
heated, and then suddenly cooled by water being poured on them." 
For lintels of short span it is used on account of the ease of a<lapt- 
ing it to any condition. The nij\in objection to the use of cast-iron 
is its brittle and unreliable nature, danger of flaws, and danger of 
snapping in case of fire and sudden cooling by a stream of water. 

1 Or dissolved. 
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** Malleable cast-iron possesses originally the fusibility of cast-iron, 
and eventually acquires some of the strength and toughness of 
Malleable wrought-iron. It may be used for heads, shoes and 

Cast-iron, other joints in roofs, and for all articles in which in- 
tricacy of form has to be combined with a certain amount of tough- 
ness. 

** Wrought-iron has many most valuable qualities, though these 
Wrought-iron. differ considerably as to degree in different varieties 
of the material. 

"Its tensile strength is three or four times as great as that of cast- 
iron, but it offers not half the resistance to compression. 

** It is, however, very tough and ductile, and therefore gives way 
gradually instead of suddenly snapping. 

" Its elastic limit is etpial to about half its ultimate strength, and it 
will bear rei)eate<l loads below that limit without injury. 

** Wrought-iron is practically infusible, is malleable hot and cold, is 
weldablu at high temperatures, and can be forged into various 
•ha pod. 

** It in subject to * hot and cold shortness* produced by impurities, 
an«l to other defects. Large sections are more likely to contain 
tluws than small ones. Hars are, as a rule, stronger than plates, and 
plateH are Htronj»er with the grain than across it. 

"Malleable iron rusts quicKiy in moist air, but stands salt water 
U'tter tlmn cast-iron. 

•• The great tensile strength of wrought-iron leads to its employment 
for ti(*-rods, bolts, straps, and all members of any structure which 
nri* expoHed \n tensile stress; it is also much used for members 
which undergo compression,'* particularly if very long compared to 
ihelr dlanieiers, or if ex|K)sed to fire. " It should be employed for all 
Ini purl lint IriMi beams and girders, especially those expose<l to sudden 
nhiH'kN. Ill iiH various forms it comes into play in a variety of ways 
hi I'lMirn, briieeil ginhirs, and iron structures of all kinds. Corru< 
Uiiltid hlieelH art* much used for roof coverings. 

Haril nod toft ** Si eel differs even more than wrought iron in the 
•teei. cbiinu'tiTistics of its several varieties. 

*' 1 1 bun II lii^^li ti'iisilo strength, much greater than that of wrought- 
li'»M. hn ri'hiniaiire to compression is also much greater. Moreover, 
i* Imix ti liJinler Hiirfiu'e, and is better able to resist wear and tear. 

•' IImhI nieiiU, coniainiug a large proporlion of carbon, are fusible. 
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easily tempered, have a high tenacity and clastic limit. Tlieir re- 
sistance to compression is enormous, especially when they are 
tempered, but they cannot be easily welded or forged, are brittle, 
and very uncertain in quality. 

" Soft mild steels have a tenacity and resistance to compression, 
and an elastic limit somewhat *' (proportionately much) " higher than 
wrought-iron. They can be hardened and tempered, but not easily. 
Tliey are weldable and easily forged, and afford a very (?) reliable 
and ductile material aclapted for structures subject to sudden shocks. 

" Steel is more easily oxidized than wrought-iron, and far more 
easilv than cast iron. 

" Steel is at present hardly used at all by the builder. Sometimes 
bolts," pins, " and cotters are made of steel for large roofs. 

" It is not adopted for engineering structures to anything like the 
fullest extent of which it is capable, but is recjuired by the engineer 
for tools, rails, boilers, machinery, wheels, etc., and is coming into 
use for some of the larger roofs and bridges." 

The process of welding different pieces of iron together is a very 
Forcinsand important one and as it occurs fre([uently should be 
Welding. yfQ\\ understood and carefully watched. All iron to 
be forged to any shape should be thoroughly heated to an almost 
white heat, but not too much for fear of burning it ; the heating 
should be as uniform as possible and the iron should be worked as 
quickly as possible. The he.;t destroys the fibrous nature of the 
iron, and crystallizes it, but the fibres are again restored by hammer- 
ing. Care must therefore be taken to thoroughly hammer all j>arts. 
All angles should be avoided in forgings. Welding is the same pro- 
cess as forging, except that two separate parts are joined together. 
The metal in each is heated and tiie two are thoroughlv hammered 
together. It is very easy to wehl two pieces of wrought-iron together, 
as the iron becomes sticky at a comparatively low temperature. 
Pieces of steel can be welded together if both are low in carbon. 
Those high in carbon cannot be welded. Iron and steel can be 
welded together if the steel does not contain too much carbon. 
Where the amount of carbon contJiined in the two j)ieces to In; 
welded varies, the one with least carbon should be heated to a 
greater temperature than the other. With cast-iron no welding is 
possible. Welded joints in tension are considerably weaker than 
the original metal. 
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Sometimes layers of steel and iron are piled together, heated and 
Welded Steel rolknl out into one mass, called three-ply steel and 
and Iron, iron, five-ply, etc., according to the number of plates 
in the pile. These are used for safes and vault-work ; after being 
roUetl the steel is tempered or softened, the iron not being affected 
by the process, llie plates are now fitted, drilled, etc., and then 
are hardened, when it becomes impossible to drill them on account 
of the extreme hardness of the steel layers, nor can they be broken 
by sledge hammers or hydraulic rams, on account of the elasticity of 
the iron layers, which are not affected by the hardening process. 

In hardening steel the colder the water and the more suddenly the 

NardeninK and '*^**^''**^ metal is plunged into it, the harder will be 
Tempering tlie cpiality. By using oil for the cooling plunge in- 
SteeU nt^.ad of water the steel is less likely to crack or 
warp during the jiroi'ess. To remove the brittleness from hardened 
steel it is tom|)ered as already explained, by reheating it to a much 
lower temiKTAture, however, than before, and again plunging it in a 
water bath to oiKil or allowing it to cool slowly. Hardening steel 
adds greatly to its tensile strength and increases the limit of elastic- 
itv, but on the other hand greatly reduces its ductility. 

To soften very hanl steel it is annealed, that is, heated to a red 

•oftenlna or An- '^^'^*^ **"*' ^^^^'^ allowed to cool very slowly in an 
neallng Steel, annealing oven. The hitter is a brick air-tight 
chamln^r in which several pieces of heated steel are placed to cool. 
The piHH'Oss of exiling is. of course, very slow, as the heat is re- 
taineil bv the brick walls and the radiations of heat from the differ- 
ent pti^ees )»ivatly n*tard each other in cooling. In this way steel 
can 1h« made to regain its original softness. 

•* TaM* hanlening '* is a prtx'ess by which wrought-iron retains it« 
^ Harden- ***">l^* **"*^ elastic nature but changes only its ex- 
ing. icrnal hkin to a depth of from j^'' to |" into hard 
uteel M\ as tti UMler resi:«t wear and tear from external causes. This 
U aH*oiupli>hed bv placing the iron in a Ihix with l)one dust and 
healing it \o a hmI heat ; it is kept thus for from half an hour to 
el];hl bourii, according to the depth of skin desired and then 
(|iii'Uehed in cold water. 

If ihv whole l« to remain malleable it is not quenched in water but 
iUowvd to etHil \er\ slowlv whieh leaves a skin of soft or mild steel. 
ThU U worked a!< dei^iivd and on inmipletion the whole is re-heated 
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■nd quencbAl inddenU', whicU harcli;n» the eteel «bm, but iIocb not 
afffvt the iron interior, 

Tbe proleolion of iron after erection is a very important sulijeel 
rrotectionfrom *" '■^^ arcliilei't. If iron is exposud to tlie air. j.ar- 
llu«. tii.-ularl}' alternrtting damp and dry air, or lo wet 

Tuorlar, it will surely rust unless proiected. Rust means Uiu gitidual 
scaling, corrosion, anil crumbling of tbe whole. Cast-iron is the 
least liable to rust; mtiugbt-iroD, however, is very liable to ll, and 
steel even more so. in casL-irou the skin formed during the coolini; 
of tlie metal by fusion with the mould sand and absorption of gases, 
U not only supposed to give great strength to the metnl, but offers its 
be«t protection against the weather. When tliis is removed or 
datnaged, the iron is not only supposed to be greatly weakened in 
strength but it is certainly very much more liable to rust. 

Rust is like a disease, and must bo entirely cleaned off the metal 
before covering it, or it will continue to eat its way in. Where 
sand-paper Is cot sufficient for its removal, a bath of diluted sulphuric, 
muriatic, nitric or other strong acid should be resorted to. 

AH parts wliich are planed and are to make exact joints, and can- 
not, therefore, be painted, should be kept carefully covered at all 
times until erection with a heavy coating of lard and white lead 

\l\ iron and steel pieces should be so designed that all parts are 
HMBliicPalnta. readily accessible for painting. For this purpose it 
is u»ual to use any of the so-called metallic paints, which are made 
mainly from earths rich in iron ore (red oxide of iron). A heavy 
coat of tliis should be put on immediately after finishing, first re- 
moving all loose scales. In practice, however, this is rarely done, as 
it is found cheaper by the iron contractor to do his own painting, 
rather than to pay the mill price. The architect should insist, how- 
ever, that every speck of rust and ail loose scales be cleaned off be- 
fore any painting be done, and should nut be talke<l out of it by the 
■D-called practical man (who always has plenty of "pocket judg- 

In place of metallic paints, a mixture of red lead and linseed oil 
makes an excellent protector, but is rather more expensive than 
most metallic paints, as it does not cover so much surface as the 
latter. Some authorities claim that lea<l pninls set up galvanic 
actiou with the Iron, and so injure it. On the other hand, if the 
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metallic paint is made from a protoxide of iron, instead of red oxide, 
it is said it will rust within itself. 

There should never be less than two coats of metallic or red-lead 
Pinlshlns paint on iron before attempting to finish same in 

Paints, colors, bronzing or gilding. It will take at least two 
additional coats of white lead and oil paint in colors to hide the color 
of the metallic paint. These two additional coats should also be put 
on under and before bronzing or gilding. Bronzing is done on in- 
terior work only, and is done by painting with a mixture of bronze 
powder and varnish. In gilding, the paint is covered with a coat of 
the usual oil gold-size, and then the hammered gold-leaf is put on. 

Iron is frequently galvanized, which gives it an effectual protect- 

CalvanizinK ^^o ^^^^ ^^ ^^^o ^^ ^^^^ remains intact, and is not 
Process, cracked or broken by bending or blows. This skin 
consists of a thin coating of zinc. The iron is first cleaned by being 
soaked in a weak solution of sulphuric acid, is then sand-papered 
and washed. After this it is dipped, while hot, into a bath of 
chloride of zinc and then " plunged into molten zinc, the surface of 
which is protected by a layer of sal ammoniac." 

In many cases, particularly with cast-iron pipes, the iron is tarred. 
Tarring Process.This is a very good protection for the iron, but is 
apt to cover up and hide defects, such as sand-holes, etc.; for this 
reason the use of tarred pipes is sometimes prohibited, notably by 
the New York City Board of Health. The iron is heated to 700° F., 
and dipped into a mixture of coal-tar, pitch and five per cent to six 
per cent of linseed oil, heated to 300° F. The iron is left in it till it 
acquires the temperature of the mixture, when it is removed. In 
practice, the iron is usually dipped into the mixture without the pre- 
paratory heating. 

Sometimes iron, notably registers and hardware, is japanned. 
JaoannlnK This consists in painting the iron with a mixture of 

Process, lead-paint, oil and copal varnish, with successive 
coats of copal varnish, all dried at a very high temperature. 

Sometimes iron is protected and beautified by electro-plating. 
Electro-plating ^^^^^ consists of depositing ou the iron in an electric- 
Process, bath successive, but very thin, layers of brass, 
copper, bronze, etc. These effects are very beautiful, but expensive. 

The Bower-Barff j)rot'css turns the outside skin of the iron into a 
mac^netic oxide of iron, the color being of a very beautiful dark 



Uue-blaclt, and aiisceptible of s high polish. The iron is thoroughly 
cleaned and put into an air-tight cliamber, and kept at a very 
■owar-Bam '■'g'" temperature. Superheat&l steam, or air 
ProcaM. heated to a very higli tetnpErature, sometimes 
as high H9 1600° F., is then passed over the iron tor from five 

The effcoliveness of this coating to resist rust depends upon the 
length of the expoauri: in the oven and the height of tlie temperature. 

A strong cement for filling poor joints between ironwork under 
IronCament. compression is made of aal lunraoniac, iron filings 
and sulphur. The more iron used in proportion to the other in- 
gredients, the slower will the cement set. 

It is frequently attempted to get extra-strong irons or steels by 
Rv-meliinK re-working them. In east-iroti, m a rule, re-melting, 

Oaat-lron. witlun reasonable liniils, increases the strength of 
the iron. Box gives one case where the second melting added some 
forty per cent to the original tensile strength of the pig-iron; the 
third melting added some fifty per cent to this, or more than doubled 
the original strength; and the fourtli melting added another twenty 
per cent to this, or the metal became about two and ood^ibU times 
its original strength (tensile). On the other hand, Mr, Fairhairn 
found that the transverse, tensile and compressive strength of east-iroit 
was reduted gradually to the third or fourth melting, thea increased 
with eacb melting till they reached their maximum at about the twelfth 
melting, and after tbat again decreased very rapidly. Accordingly, 
if tlie Btrength of tbe pig-iron were^l.O the third melting (second 
after pig) would give a minimum transverse strength of 0,82 and a 
minimum tenaional strength of O,"?; while the maximum transverse 
strength 1,41 and the maximum tensile strength 1,32 would be 
reached at the twelfth melting. 

With compression, the minimum strength 0,92 would be reached 
at the fourtli melting, and the maximum S,1S at the fourteenth re- 
melting. According to Gauthier's analysis, re-melting turns gray 
irons to white, decreases the graphitic carbon and the silicon, and 
increases the combined carbon, thus rendering the iron weaker in 
resisting tensile or transverse strains, but stronger in resisting com- 
pression. 

However, the whole subject is very uncertain, the increase or 
decrease of strength by re-meltings depending evidently on the par- 



M SAFE BUILDING. 

ticular mixture ai iron used. A test in each case would be the only 
reliable criterion. It must be remembered, too, that re-meltings 
mean much additional expense. 

If cast-iron be kept melted in the furnace for a long time — from 
one to three hours — it can be greatly increased in tensile strength, 
some experiments showing nearly doubled strength. 

Cold-blast iron seems to be stronger than hot-blast (in tension), 
varying with the temperature of the test piece, the cold-blast iron 
being nearly twenty-five per cent stronger than iron made with a 

bhwt at 250<' F. 

Mr. Thomas Box has collected all the data obtainable as to the 
■fftact of Thick- ®ff^' o^ thickness on cast-iron, and from them is 
neM> obtained the formula : 

Where b = the least thickness of a casting, in inches. 

Where / = the ultimate tensional stress, per square inch, of a 
similar casting, whose least thickness is one inch. 

Where /, = the ultimate tensional stress, per square inch, of a 
casting, whose least thickness is b inches, 
and 

Where b = the least thickness of a casting, in inches. 

Where k = the ultimate modulus of rupture, per square inch, of 
a casting whose least thickness is one inch. 

Where I*, = the ultimate modulus of rupture, per square inch, of 

a casting whose least thickness is b inches. 

Accordingly if the transverse or tensional strength 

StranKthof of a casting one inch thick be =1,0 we should 
Oastings. j^^^g. 

For i inch thick = 1,350 

For 1 inch thick = 1,000 

For 1 i inch thick = 0,907 

For 1 1 inch thick = 0,838 

For 1} inch thick = 0,783 

For 2 inch thick = 0,739 

For 2J inch thick = 0,071 

For 3 inch thick = 0,620 
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For 4 inch thick = 0,547 
For 5 inch thick = 0,49 7 
For 6 inch thick = 0,459 
For 7 inch thick = 0,429 
For 8 inch thick = 0,495 
For 9 inch thick = 0,385 
For 10 inch thick = 0,867 

According to Hodgkinson the tensile strengths of cast-iron bars 
1", 2" and 3" thick would be as 1,0 is to 0,8 and to 0,77 or slightly 
more than the above. 

With wrought-iron the strength, according to Clay, increases with 
each rolling to the sixth; and then again decreases; or if the strength 
(tensional) of the muck-bar be = 1,0 then that of a piece piled and 
rolled three or four times = 1,36 ; and if six times=l,41 ; decreasing 
again to = 1,0 at the twelfth re- working. This, however, as already 
irfectof Re- stated is shown to be very doubtful with American 
Iron, irons, and largely dependent on the nature of the 
muck-bar. Kirkaldy has shown that welding does not make a& 
strong a joint as the original iron. He made some eighteen experi- 
ments on welded bars of wrought-iron from 1^'' to J" diameter^ the 
result being that none were ecjual to the original strength. The 
maximum strength attained was 97,4 per cent; the minimum 56,2 
per cent and the average was 80,62 per cent of the original strength. 
Welded joints should, therefore, be taken at only about four-fifths of 
the strenjrth of iron in calculatinor for tension or transverse strains. 
It is usual, however, to call for sufficient extra metal in all welded 
joints, so that the pieces must invariably break elsewhere than at the 
joint, when tested. 

In wrought-iron the skin seems to add some strength to the metal 
and for this reason, partly also on account of the more intricate in- 
terlacing of fibres in bar-iron, which is worked on all sides, bar-iron 

is generally stronger than plate-iron; plate- iron be- 

"^'irtronKest. ^"=» about 84 per cent of bar-iron. The plate-iron 
itself is always stronger with the grain than across 
it, resembling wood in this quality. Experiments have shown the 
tensile strength to be nearly 10 per cent greater along the grain, 
than across it. Shearing would show even greater difference, being 
some 25 per cent easier with the grain than across it. 

Wrought-iron should always be heated before hammering or work- 
ing. 
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its tensile stress is greatly reduced by cold hammering ; experi- 
ments (according to Box) showing the reduction to be 

a loss of 32 per cent if 2" thick 

a loss of 36 per cent if 1 J" thick 

a loss of IS per cent if 1" thick 
or an average loss of 27 per cent by cold hammering. 

By annealing the iron the strength can be par- 
■fr«ctof Coid^^ ^^ly restored but not entirely, the loss in the above 

experiment still being after the annealing 

some 14 per cent in the 2" thick iron 

some 4 per cent in the 1^" thick iron 

some 8,6 per cent in the 1" thick iron 
or an average loss of about 9 per cent. 

Unwin, however, claims the exact opposite. According to tests 
quoted by him, wrought-iron and mild steel increase in tensional 
strength and have a greater elastic limit, if worked cold, but suffer 
a large loss in ductility. The working however must be uniform on 
all parts and not local otherwise the material is weakened by uneven 
resistance. Annealing, according to Unwin, removes the effects 
of cold rolling or cold working and should be used where this is only 
local or on certain parts, as in the case of punching of rivet holes, 
where the part around the hole is hardened by cold hammering and 
the rest left unhardened. He cites the process of wire^lrawing, 
which is similar to cold rolling and certainly adds greatly to the 
tensional strength of the material. 

Ho finds one very curious fact, however, and that is that while 

neither cold nor hot working hurts wrought-iron or 

Avoid •'"•^ mild steel, working them at an intermediate or 

"blue-heat," that is at about 470<* to 600° F., is 
positively harmful. In many tests it was found that samples of 
cither, about } inches thick, could be bent back and forth on an 
average some twenty times, without breaking, if they were either 
cold ur red hot. But if heated to an intermediate blue-heat they all 
broke readily after being bent back and forth only two or three 
times. Annealing ordinary wrought-iron means a loss of from 5 per 
cent to 10 per cent in tensile strength. The strength is not affected, 
however, by low temperatures nor ordinary variations in tempera- 
ture, nor very much at higher temperatures. At high temperatures 
up to from 600° to 900° F. the tensile strength of wrought-iron 
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steel are affected much hy low temperor 



inCTBHea somewhat. 

wrought-iron wil! 
iron. Neither ci 
tUTe nor the ordinary t: 

With ateel the tenaional, transverse and compressive streeees vary 
-^. greatly with the composition of Uie material. As 

wlihoarbon In alrendy slalt»l the more carbon it contains, the less 
MMncth. g[,y,(i(._ i,m ,(jg jiaraer is the atee!, while the leas car- 
bon it contains, the more elastic, but less hard will it be. The ulti- 
mate limits for tension per square inch are given in Talile IV from 
42000 pountls to lOBOOO pounds and for (.'ompression from 9OO0O 
pounds to 150000 pounds, all per square inch. 

Steel like wrought-iron is stronger in bars than in plates (plate- 
steel being about SO per cent of bar-steel), and is stronger with the 
grain than across ic The proportions for tension and shearing 
across or along the grain being about the same in steel as in the 
wrought-iron. In regard to re-working, according to Mr. Clay, 
the strength of Kleel is increased to the fourth piling, and then de- 
cline*, until at the seventh re-working it is weaker than after tlio 
first workitig. Or, if llie tcnaional strength of (he first working is 
= 1,0 the fourth is— 1,953 and the aevenlh — 0,94. This, however, 
is qirile as dubious as the advantage of re-working wrought-iron very 
often. Welded joints in steel are very much weaker than the 
original metal, having only some 40 per cent to 55 per cent of the 
Mrength of the un welded parts. 

If steel plates are worked cold they lose strength greatly. (Uowin, 
L bowever, denies this for mild steel if working is uutform.) Punch- 
ing them cold decreases their tenslonal strength 
I.JtoiHrtOumsh^^ ""ne 33 per cent, if very hard iteel; the milder the 
sted the ]esB will the loss be. But this loss can be 
n by annealing after punching. Annealing instead of 
eel plates greatly increases their tensional strength, 
jalarly if tlie steel is very hard, adding some 50 per cent to 
; but is of slight, if any, advantage in mild steel. But after 
11 said, the only sure method for the architect to pursue Is to make 
refill tests to see whether the matcrinl posscsaca the necessary 
nd strengths he desires. Chcmlcnl testa should therefore 
o practical tests. 
The tensional or compressive ultimate strength can be readily 
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ascertained by testing small pieces in testing-machines, and making^ 
proper allowances for the differences in sizes of test-pieces and full 

size members. These machines are of various sorts, 
•■^ JtrenBth. ^"' generally by hydraulic power or weights, greatly 

increased by leverage or screw-action, they tear 
small specimens apart, or else crush them, the effects on the pieces 
being carefully noted and recorded. Some of the machines make 
automatic records. The kind of machine used is not so essential to 
the architect so long as he has ascertained its reliability. From the 
tensional and compressive ultimate strength the cross-breaking 
strength of the specimen can be calculated ; or the modulus of 
rupture can be obtained by breaking specimens across with centre 
loads and calculating the modulus of rupture by the following 
Formula : 

Modulus or 3 u?.l .,^oN 

rupture from A: ==_.—— (102) 

tests. 2 b.d^ 

Where it = the ultimate modulus of rupture of a material, in 
pounds, per square inch. 

Where ic= the load or amount of pressure, in pounds, applied 
at the centre, required to break a specimen of rectangular cross- 
section, lying on two supports. 

Where / = the clear length, in inches, between supports. 

Where b = the width of specimen, in inches, measured (across 
the specimen) at right angles to the line of pressure. 

Where r/ = the depth of specimen, in inches, measured along 
the line of pressure. 

Where the test specimen is exactly square in cross-section and of 
one scjuare inch area, that is one inch by one inch, and where the 
supports are exactly twelve inches apart, and the load or pressure 
applied in the centre, the modulus of rupture will always be eighteen 
times the load or pressure, or : 

k=lS.w (108) 

Where k = the ultimate modulus of rupture of a material, in 
pounds, per square inch. 

Where w= the load or pressure, in pounds, applied at the 
centre, re([uired to break a test specimen, of one inch by one inch 
(scjuare) cross-section, lying on supports exactly twelve inches apart. 
The shearing strength is generally found by direct tests. 
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Test specimens of steel, vrroiiglil or cast iron, should never be 

broken off smidenlj', or by blows ( nor should thc?y 

'""'•peo'm'«n». ^*^ jarred, as otherwise the fibres crystallize more or 

leas and this greatly alTet'ts the result. Tbey 

ahoiild ba carefiiUy planed off in llie macliine-nliop. 

Anorher important point is to be aure to have all test ^pet'imens, 
whirn not cut off the actual pieces being used, of the same mate- 
rial and general thickness as the pieces. 

In cast-ivon, frequently, test-pieces are cast on M each piece, these 
Are broken off and tested. They should not be broken off, however, 
except in the present'e of the architect or his iiispeolor. If Ihey are 
of the sane thickness as the piece, they offer a fair test ; if, how- 
erer, they are much smaller and thinner than the piece no reliance 
can bo placed on the result- 
In wrought-iron and steel it is best to roll llie pieces a httle too 
long and plane off the superfluous ends for testing. 

Besides the tests as to strength tliere are many tests resorted to 

to ascertain approximately the quality of the mate- 

Oth«fTe«fc ^.j ^ f^^ ^.|| ^^ ^.^^^ j^^^^ jj cast-iron be 

■truck on its edge a sharp blow with a chisel or hammer, it is of soft 
and good quality if it can be indented. If it breaks it is very hard 
and brittle. If it rings out clearly, it is a good casting ; if the sound 
is dull it is full of aand-lioles, air-bubbles or flaws. 

If the surface is smootli, even and hard, and the edges sharp and 
perfect it ia a good casting. If the edges or surfaces are uneven 
and wavy it is an indication of unequal shrinli^e and cooling or 
more likely unskUful ramming of the sand in the llfisk around the 
pattern or mould. If hollow pieces, when tapped, show uneven 
thicknesses on opposite sides the core has sagged or floated in the 
mould.' 

3 iron and steel the principal tests resorted to are for tensional 

. , ttrength, elasticity, ductility and limit of elasticity. Tliese wilt be 

I explained presently. The nature of the material can also be more 

T less ascertained by fracture and bending. It is almost impossible, 

r liowevcr, to distinguish mild steel from wrouglit<iron excepting by 

s for strength, and to ascertain whether or no tbey can be bard- 

i or tempered, as already explained. If siiecimens of iron or 
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steel on fracture show a close, silky, fibrous grain, with few bright 
or crystaline specks the metal is good. If there are many crystals 

in the fracture, and particularly if they are coarse 

^"*'' Fra«5lir«. *°^ '^*^«» *°^ ^^®^® *^® g^*^ " blotches " of color, 

or other evident impurities, the metal is poor. 

The color of the fibres is grey, that of crystals of a bright silvery 

aspect. It must be always remembered, however, to get the fracture 

by planing, or by slow bending, when cold, otherwise crystals will 

be formed while testing. 

Specimens are frequently nicked and then bent cold until frac- 
tured, in such cases there will usually -be a large 
percentage of crystals close to the nicked part, but 
none in the other half. All iron should be required to be free from 
all visible seams, blisters, buckles, cinder spots or imperfect edges. 

If iron or steel pieces on fracture show the seams where the 
different layers have been piled and rolled together, that is, if 
the seams open perceptibly and are very marked, the metal is badly 
rolled or united. If these seams can be distinctly seen by the naked 
eye before fracture, the quality is even poorer. If iron or steel for a 

few hours be immersed in or wetted with some 
strong acid, such as either nitric, mariatic or sul- 
phuric acid, the parts between the fibres will be eaten away, and 
the latter will be distinctly exposed. The architect can then readily 
judge of the nature of the rolling or working, whether the layers (or 
piles) are thoroughly worked together, and whether the fibres are 
close and all thoroughly interlaced. 

Good wrought-iron should be capable of being bent double, with- 
out fracture, while coldy over a cylinder of diameter equal to twice 
the thickness of the piece. The iron should not crack under this 
test. If nicked, and then bent double suddenly by a blow from a 
sledge hammer the fracture should show but a small proportion of 
crystals and these nearer the nicked edge. 

Beams, channels, angles and tees should be capable of having their 
flanges or legs bent, that is rolled up longitudinally and away from 
the web or other leg without opening the inside joint between web 
and flanges, or between legs. In practice, however, the iron usually 
furnished by the mills will not stand so severe a test. Its quality 
will be in proportion to its ability to stand this severe test. 

Figure 161 shows a few illustrations of such bending tests, 
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the dotted lines showing outlines of original sections, before bend- 
ing. 

Tests for mild steel should be the same as for wrought-iron. 

Ductility and elasticity are the same practically as stretching. If 

the material has high ductility its cross-section will 

Ductility and ^ diminished greatly, when stretched, before break- 
Eiasticitya K3 ¥ 

ing. If it has great elasticity it will stretch greatly, 
that is, become much longer before breaking. 
Wrought-iron should be allowed a stretch = ^^ of an inch for 
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each foot of length of 
specimen if subjected 
to a tensional strain of 
10000 pounds, per 
square inch. Every im- 
portant tensional piece 
should be tested up to 
10000 pounds, per 
S(]uare inch. Those 
elongating more should 

be condemned. On removing the strain the piece should recover its 

original length exactly. 

Test pieces should be strained up to 18000 pounds, per square 
inch, for compression and should then recover their 

Safe *^'?|JJ'*^ original thickness, they should not crush completely 

under 36000 pounds, per square inch. Compression 

test-pieces must, of course, be short blocks or cubes. Tliey should 

stand at least 25000 pounds, per square inch, in tension without 



Fig. 161. 
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losing their capacity for recovering their original length, and should 
not tear apart under less than 50000 pounds tension, per square 
inch for small sections ; if sections or plates are large they should 
stand at least 46000 pounds tension. 

For steel the above limits must be varied, according to whether 
mild or hard steel is desired. 

All metals, theoretically change their dimensions under the slight- 
est strain. That is, they become longer under tensional strains, and 

shorter under compressive strains. When the strain 
Permanent Set. . i n * • i • i * 

IS removed the material is supposed to recover its 

original length. This, however, is true only up to a certain strain ; 

when this is exceeded the material loses its power to recover and 

remains permanently elongated or shortened. This permanent 

elongation or shortening is called the *^ permanent set" the strain 

(per square inch) which produces it is called the 
Elastic Limit. ,. ^^^^.^ ^.^.^„ ^j^jg ^j^^.^ j.j^.^ ^^j..^g .^ different 

materials, but is approximately at about one-half of the ultimate 
strain, or strain per square inch that will crush or tear apart the 
material. 

In very hard materials it is more than half the strain, for such 
materials not being elastic, will stretch (or shorten) but very little 
and will not show appreciable variation until a high strain is reached, 
when they show a set quickly, and break soon after. In soft, 
elastic, ductile materials they begin showing permanent stretching 
(or shortening) very early and continue to do so for a long time be- 
fore breaking. The following will be quite safe to follow as general 
guides. 

For cast-iron the elastic limit is about ^ of the ultimate tensional 
or compressive stress. 

For UTOught-iroH the elastic limit is about J of the ultimate ten- 
sional or compressive stress in bars, and about f in plates. 

For mild steel the elastic limit is about -^j^ and from this it varies 
to alx)ut -J for 

Hard steel — both, of course, of either the ultimate tensional or 
compressive stress. 

Table XXX gives the amount of extension and contraction, in 
inches, for different strains, of cast-iron and wrought-iron pieces, if 
each piece were one hundred feet long. 
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TABLE XXX. 



Amoont of Extension and Contraction, in inches, of Cast and 
Wrought Iron Bars, 100 ft. long, under dinerent strains. 



Strain, per sinre ' 


CAST !■•■. 


wranffTiioa. 


JSs^a. , 


Coatncboo. 


Lxtcaaoo. cader tea- 


1 


SKSQ or CQB'xactaoc. 


1000 


0,OKMH 

1 


0,09155 


0i444 


2000 


0,17150 


O.ISIOI 


0,0899 


9000 0,2(588 

1 


0,27747 5 


0.1$33 


4000 ; 0.35143 


0,3nS5 


0.177% 


5000 


0.4«»0 


0.4(715 


0.???? 


6000 


0,57S74 j 


o,5t$a 


0.3667 


7000 


0.09392 


o.6ttm 


0.3111 


8000 


0.S1446 


0.7>?75 , 


0.3r>>5 


9000 0.94038 


O.S57« 


0.4WJ 


10000 
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Up to the elastic limit it is supposed that the amount of stretch 
(or shortening) is exactly proportional to the amount of strain, and 
that the material will recover its exact original length. Reference is 
here made to Formula (88). Neither of the above suppositions are 
exactly true, though in wrought-iron and mild steels it is very nearly 
so. Cast-iron, however, is very variable in its extensions or con- 
tractions under strains ; and all three show more or less ** fatigue " 
and permanent set, under variable, or oft-repeated (on-and-off), or 
prolonged strains. 

Box treats this subject very fully. 
Extension of ^® finds the extension of cast-iron, subjected to 

Oast*lron. tensional strains, to be : 

e = —Jl^. (8,04.u; + 0,0002676.^2) (104) 

10000000 ^ ' I » ^ ^ >' 

Where e = the total amount of extension, in inches, of a piece 
of cast-iron, subjected to tensional strains. 

Where L= the original length, in feet, of the piece of cast-iron. 

Where to = the tensional strain, in pounds, per square inch, of 
cross- section of the cast-iron piece. 

It will be readily seen, that the increase in extension is in a higher 
ratio than the increase in strain, which is due, as already said, to 
the very defective elasticity of cast-iron. 

For compressive strains in cast-iron, Box's researches give the 
following Formula : 

Contraction of ^ = , ^^f.^^^ . (9,1 08.ir-f 0,00004 7044. tc^) (105) 
Oast-iron. 10000000 ^ ' / v / 

Where c = the total amount of shortening, in inches, of a piece 
of cast-iron, subjected to compression strains. 

Where L = the original length, in feet, of the piece of cast-iron. 
Where w= the compression strain, in pounds, per square inch, 
of cross-section of the cast-iron piece. 

Of course, in either case the extension or contraction from changes 
of temperature will be independent of the above. 

Table XXXI gives the length of piece recjuired to stretch or con- 
tract exactly one inch under different strains. 

By comparing these formula; it will be seen that cast-iron yields 
more readily, that is, shortens more in proportion under very small 
compressive strains, than it extends under small tensional strains. 
But as the strains become greater the amount of shortening and 



TABLE XXXI. 



Length of Cast or Wrought Iron Bars, in feet, that will stretch or 
contract exactly one inch under different strains. 
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extension become more nearly equal ; they are exactly equal for 
strains of 4842 pounds per square inch, while for greater strains 
the amount of extension from tensional strains is greater than the 
amount of compression from the same compressive strain. With 
wrought-iron and mild steel the compression under small strains is 
even in a much more marked ratio than under small tensional strains 
owing to the ** flowing" of tlie metal under compressive strains. 
There are no reliable experiments recorded, however, on which any 
formula; could be based for wrought-iron, it may be safely assumed, 
however, to be perfectly elastic up to 18000 pounds, (per square 
inch), compressive strain and 25000 pounds, (per square inch), ten- 
sional strain. With heavier strains the shortening or lengthening 
will be in very much quicker ratio than the increase in their 
respective strains. With steel it will depend upon its nature. Mild 
steel will approximate nearly to the perfect elasticity of wrought- 
iron, under safe strains, while hard steels will become more imper- 
fect in elasticity the nearer they approximate the nature of cast-iron. 

Time plays a very important part in considering the final effect on 
metals of any strain. 

It has been found that a moderate strain on a bar, if left on a long 
time, will gradually increase its effect, either extend- 
Time Tests. j^^g j^. ^^q^q j^d more as time passes on, or shorten- 
ing it more and more. This is known as the " fatigue ** of the metal. 

If the strain is within the elastic limit the increase in " set " will 
continue for a long time, but will finally become so infinitesimally 
small, as to be practically nothing. If, however, the strain is be- 
yond the limit of elasticity the set will continue to grow and the 
piece will frequently break after many years under a strain which 
was considered well within the original ultimate breaking strength, 
but which, as time passed, fatigued, that is tired out, the material. 
Severe strains should therefore never be borne for a lengthened 
period, but should only be imposed for short periods, and they 
should be well within the elastic limit, to give Hie metal a chance to 
recover from the set produced by such strains. 

Oft-repeated strains, even where put on entirely without shock, 

greatly weaken a material. It has been found that 

Intermittent j^ load, which originally was borne with perfect 

safety, will, if often removed and replaced, finally 
break the piece. 



Plttnnt concludes by L-omparing many cjiperimenti on faiigue of 
Iron '. tliat if a sU-uin of 3ST00 pounds, per squnru inch, can be re- 
pealed 17000D times before breaking a tesi piece, the tame piece 
will break under k strain of only -ISOUU pounils, per square inch, if 
repeated 4S000O times; or under a strain of 43TO0 pounds, per 
scjuare inch, if repeatt-U 1320000 tiroes; or under a Btrain of 3H40<> 
pountli, i<er siiuare ineh, if repealed 4035000 times; wliile a strain 
of 32000 pounds tan be repeated forever and would never breali the 

These experiments were made by A. VVoliler anil eonfirmed by 
SpHn<;enber>;, Baker, Baiishinger and othurs: they are usually 
carried out by means of revolving vheeU or by pistons whiah a](er- 
natcly put on and remove the strain, the number of revolutions or 
pressures being carefully computed. Piston-rods of engines offer 
good examples of oft-repeated ofl-and-on loads, or the driving-rods of 
locomotives, in fact many parts of mat-binery. 

Where a load is put on suddenly, with shock, that is falls on, or is 
forced on, suddenly without regard to whether it 
"IlSlllilg'lOBda. J*""* *"■ ""^ "■* ^^'^^ " P''«ti':i'ly double that of a 
stationary (static) or dead load. This is called 
"impact." The subject is too extensive to enter into here, the 
actual effect on the beam depending upon the len^'th of span, height 
of fall, and permanent load ; but it will be safe enough in all suuh 
cases to simply double the fac to r-of -safety, or in other words allow 
only one-half of the safe-stress, that would be allowed for an inter- 
mitU'nt load put on without shock. Rolling loads are considered the 
same as loads put on with shock; the elfeet depending, of course, on 
the velocity ; all such loads, moving, rolling, jarring, etc., are ealled 
dynamic as opposed to static or dead loads. 

If the strain is reversed at each application, that is alternately 
tension and then compression, the effect is equal to 

Intermittent the sum of both, that is, double that of the same 
^"^ amount of strain if not reverted. To break any- 
thing we instinctively bend it one way and then the other, by doing 
tliis we reverse the strains in the fibres from compression la tension 
and vice-versa at each bend, the result being that the piece soon 
breaks. 

Box has combined these rules in a Table, which is here given aa 
Table XXXU. 
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TABLE XXXII. 

ULTIMATE BREAKING STRENGTH OF MATERIALS UNDER DIFFER- 
ENT KINDS OF STRAINS. 
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Material. 
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If in opposite directions. 
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Wrought Copper 
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Masonry, etc. 


1 


i 


i 


i 


i 


Cast metals : 

Iron, Copper, 

Brass, Lead, etc. 


1 


i 


i 


i 


1 

1 2 



By combining this table with the safe stresses given in Tables IV 
and y, that is, taking whatever part of the safe-stress there given for 
dead loads, that the nature of the load demands, we can obtain the 
safe-stress under any manner of loading. Where stresses in opposite 
directions take place, the material will yield in the direction of the 
weakest stress. 

Thus, if we have a bar of American cast-iron, ac- 
**Tabl6^CXXlli <^^''^*°o ^ Table IV it will be safe under a steady 

(static) compressive strain of 15000 pounds, per 
square inch, or a steady tensional strain of 2500 pounds, per square 
inch. 

If the compressive strain were constantly and entirely removed 
and then put on again, but without shock, it would be safe, accord- 
ing to Table XXXII, to use but J of this amount of 5000 pounds, 
per square inch; while under the same circumstances only 833 
pounds would be safe in tension. If the strain were constantly re- 
moved and then put on again with shock, that is suddenly, or kept 
moving, only one-sixth would be safe or 2500 pounds per square inch, 
in compression, and 417 pounds in tension. 

If the strain were alternately compression and then tension, but 
put on without shock the same strains would be safe; the safe 
strength of the bar would, therefore, be measured by the weaker of 
the two and would be only 417 pounds, per square inch. If the 
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•traias alternated belweeii compression and tension and bcildcs Ihia 
were dynamic (put on suddenly) only ons twelflL would be safe or 
12S0 pounda in compression and 2u9 [lounds in leniion, both per 
square ineli. Tlie airengtli of the bar under tlieao circumBtanues 
would, therefore, be only 309 pounds, per sipiiire inch. 

For wrought'! ron we have tlie same safe-struss, whetlicr in tension 
or compression ; for a dead, constant load we gliould use tlien, from 
Table IV, 120no pounds, per square inch: from Tabls XXXII we 
should have for intermittent loads, in one direction only, that is of 
the same nature, but put on-and-off continuously, but without sho<jk. 
two-thirds or 8000 pounds, per »([uare incli. If put on-and-off sud- 
denly 4000 pounds, per square inch. Tlie same if constantly 
reversed from compression to tension but done slowly and without 
■hock. It constantly reversed and It in done suddenly or with shofk 
the safe strain per square inch would be only 2000 pounds. 

When a stntin on a beam is never completely removed, but 
changes constantly from a larger to a smaller strain, both bowevtr 
in the same direction, the effect is not so great as where both strains 
are al times constantly removeil. 

In such cases the effect can be found from the following Formula: 



=(„,- 



Ciot) 



constant strain in 

effect as one alternating 

but both in the same 



Where ir:=the corresponding dead load, 
pounds, per square inch, to prodi 
between two unequal loads or sti 
direction. 

Where tp,=^ iJie lar; 
pounds, jier square inch. 

Where ifii^ the smaller of the nlternatin^ loads 
pounds, per S([uare inch. 

Where 1 = 3,0 for 
mild-elcel. 

The above condition would frequently hnppen in the case of ware- 
house floors, bridges, and other places where Uiere is a constant 
dead load, which at times is increased by other loads to be carried. 

If the adilitional loikd is put on sudilenly, or is a moving load, it 
•hould be doubled. In that case ic>, would be equal to the doubled 
dynamio load plus the static load, and ia„ would be equal to the static 



r of the alternating loads or e 



= IJ for wrought-iro 
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In all designs of metal structures great care should be taken to 
design all parts, not only of practicable shapes and sizes, but of 
dimensions that will not involve increased cost. 

As a rule cast-iron, wrought-iron and steel are estimated at a cer- 
tain price per pound. If the sizes are not unusually 
Eoonomlcal gmaH ^or unusually large the price will be the usual 

one. If, however, the sizes are very light the price 
will be greatly increased, for two reasons. The cost of preparatory 
work, working drawings, office expenses, models, etc., will be practi- 
cally the same as for heavier work ; the handling and labor will be 
very nearly the same, and in very light construction all tliis must 
be borne by fewer pounds and the price is consequently greater. On 
the other hand, if the pieces are unusually heavy, or large, or long, 
they may require special rolling or casting, and may require special 
cars and freight arrangement, special trucks, derricks, etc., or 
they may be very difficult to manufacture and involve much loss, 
many misgoes, etc. 

The architect should, therefore, as far as possible design so as 
to use standard sizes. 

In castings as well as in mill-work the standard will vary more 
or less with the parties doing the work. It will be impossible, 
therefore, to give here any universal standard. A few hints, how- 
ever, may help the architect in economical designing. 

For hollow-castings (columns) Planat gives the 



^ . following as the French standard, the thicknesses 

Columns. ^ 



Thickness of 

being the minimum or smallest thickness possible for 
the length. 

For columns 6' 6'' long not less than f '' thick 
For columns 9' 10" long not less than J" thick 
For columns 13' 1" long not less than |" thick 
For columns 19' 8" long not less than }" thick 
For columns 26' 2" long not less than 1 " thick 

The practice of American iron-works is to regulate the thickness 
with the diameter rather than the length. Thus our iron-works 
make columns under 6" diameter about ^" thick, those over 6" diame- 
ter from I" thick and upwards. 

For castings made to carry weight the thickness should be more. 
In columns the maximum thickness should depend upon the possibil- 
ity of making the core stift enough to keep its place in the centre. 



Large diamuter with thinner abell (within reasonable liinita) wiil 
givu the most strength (or the amount of material uied, tliitk cast- 
ing! being muc-li wealter, as alreail/ sliown. 

In roilecl-worlt, btanis, cliaunels, tees, etc.. of unusiiul length 

ebould be avoiiled. Most sections are rolled to 30 

A*o<d «•*■* ftet iQ length without raitra charee ; bevoml this 



extra 6' 
up to 10 



additional cliargo per pound, for every 
set or fraction thereof in length, if the Bection is heavy, 
50 feet which is the limit for beams and cbaDnels, or up 
90 feel for angles. Then, loo, very long pieces (over 30 feet long)' 
involve being carried on two cars, which means extra freight charges, 
mnd very heavy pieces might be refused by many railroails. Where 
great length is desired it will bu better, as a rule, to make it up of 
two pieces, the extra niatcrial required for the " splicing " being, as 
a rule, much more economical than the cost of manufacturing and 
handling long and heavy pieces. 

In pieced work where angles are attached to beams, etd., if it i* 
punched and fitted together at the mill with bolts the whole will ba 
charged at a standard rate per pound ; if, however, the pieces are 
riveted together, there will be an extra charge on the whole, even 
if only one rivet were used. 

If pieces are required to be cut to exact Icngllis ihei'e is usually 
an extra charge on the whole. If pieces are required to be di'illed 
or punched, there is an extra charge on the whole, even if there is 
only one hole in each piece. 
For these reasons it is usual where there is much fitting, drilling, 
etc., to be done to have it done at the mil! for the 
OoMof Plttlnc gmnjard i.^y, j^r pound. Where, however, there is 
only a little to be dona, as is usually the case in building construc- 
tion, it is chea[)er to do it at the building, using portable hydraulic 
pnnches or otlier similar contrivances to facilitate the labor. 

A saving can also be made by doing all painting of heavy work at 
the building, as the mills charge a standard price per pound of metal 
for each coat; but wiiere this is done, the architect cannot be too 
careful in having all rust removed. 

In building up plate-gin I ere, plates as wide as eight feet can be 
rolled, and of thickness and length la one piece sot 
to exceed in finished weight two tons or four thou- 
sand pounds, this weight being about the limit for 
dogle pieces of rolled-work within reasonably ec-anomical limits. 
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Thus, for instance, we could get plates five feet wide, one inch 
thick and twenty feet long, or eight feet wide, one-half inch thick and 
twenty-five feet long. If we require wider plates (usually for deep 
webs) we must take an eight-foot wide plate an<l shear it ofif, splicing 
the pieces. Thus if we required a ten-foot deep web, we would 
shear the eight-foot plate in ten-foot lengths, would place them side 
by side vertically, connecting them by covering plates of some kind, 
and our web would thus be composed of a series of panels each ten 
feet high and eight feet wide. Plates should not be over one inch 
thick on account of the difficulty of punching, nor less than one- 
quarter inch thick for fear of loss by rusting and failure by buckling. 
In steel plates, Carnegie, Pliipps & Co., of Pittsburgh will roll plates 
up to 9'.6" wide and 14'.2" long, if about i" thick, or 9'.2" long by 
above width, if 1 J" thick. See Table, p. 51, in their hand-book of 
1889. 

In round, square and fiat bars almost any sizes can be made, but, 
here too, unusually light or heavy ones are charged at extra rates. 

The sizes of these vary with different mills, but are about as 
•!!•• of Rounds follows : The ordinary sizes for rounds and squares, 

•quaresand are }" to 2" diameter, and for fiats from I" to 
Flats. 4"x|" to If and 4f' to 6"x|" to 1," these are 
made at regular rates. 

But the mills will make, at additional rates, rounds from wire sizes 
up to J" diameter and from 2" to 7" diameter ; half rounds from §'' 
to IJ" diameter ; si^uares from ^" up to 5" ; fiats from ^J''x g'j" up 
to 12"x2". 

In designing fiats the best rule to follow is to make the thickness 
between one-fourth and one-third of the width, except for very wide 
bars, when it can be between one-eighth and one-quarter. 

Where long bars are in tension, and one or both ends are held by 
nuts and screws, it is often economical to " ui)-set '* the screw-ends, 
that is, enough material is added where the screw is cut, that is the 
diameter is enlarged enough at ends, to make the diameter at 
the root or thinnest part of the screw (that is between the threads), 

equal to the diameter of the whole bar. The screw 

. itself is thus " upset," that is set upon the bar. The 

cost of upsetting screw-ends is more of course, than 

cutting screws upon ordinary bars, on account of the extra wcl(Hn«jj 

necessary, but in long bars, or very heavy bars, the material saved 

by not having to increase the diameter of the bar its whole length 
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(to bUow for cutting awny at tlie ends), more tbstn ofFsels the extra 
cost of up-9«tting. In liglit bars and sliort bars, as a rule, it is mnre 
economical (o add enough to the diameter for the whole leiigtli to 
ttllow Tor cutting the thread at the end. In such a case the strvngtk 
of tlie bar, ia tension is, of caunv, only eiiuat to the eection at tlie 
root of the iJiread. It is a curious foot that tlireads cut with old 
dies are stronger than those cut with new dies; the old ones appar- 
ently crushing and thus leaving more material in the threads, while 
the new ones cut the material right out. 

Different mills have diderent standards for threads, nuts, heailti, 

etc. Prai'tically, however, tliey all closely resemble 

the standards adopted by the Franklin Institute (of 

Fbilacldphin), February 17, ISCo, and which are 

faeK reproduced by their permission as Table XXXIII. 

In farming cye-hars the practice of different mills ^ain varies. 

It should be remembered that tliey arc all welded, and therefore, 
if of wrought-iron, only some 80 jwr cent in etri-nglh of tlie metal in 
the bar. All parts should therefore he designed for some 35 per 
cent more strength than required with the usual fHctors-of-«afety. 

For ordinary sizes of flat iron the mills have dies on which these 
eyes are "die-forged," that Is, formed by machinery. 
R)ra-t>atsnnd fi^^ Phoenix Co., for instance, have some fifty-six 
sizes of dies for flats varying from 2" x |" up to 
S" X 9J". The New Jersey Steel and Iron Works have some forty 
Mven sizes of dies for flats from Sy' up to 0". Their stanilanls for 
pins are j>," less than even ijuarler- inches, as 3^" diameter, 3^", 
S(J", 3)1", etc. All pin-holes in eye-bars should invariably be 
drilled, and should always be made (not over) ^ inch larger in diam- 
eter than the pin, to allow for slipping same in. 

The practice of the latter company where eye-bars are of same 
Alckness as the flat-bar, is to make the diameter of pin (if not gov- 
erned by other circumstances) four-fifths of the width of bar (or 
d = (.6). In such a case the width of mttal beyond ihe eye (at end 
of bar) is made eijual to the width of bur (or a ^b) and the width 
Mrch side of eye ei[ual to lliree-cjuartcrs of the width of bar (or 
e=: j.6), leo Figure 1G2. Where larger pins are used ihe proportion 
inuit be even mure increased on account of the greater amount of 
weakening by welding. 

. The above sizes are good averages. In ^nmu caaua the nielal 
around the eye forms a concentric circle with the eye. In such 




Fig. 162. 
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cases (if not required to be larger) the radius of the eye is from 
three-eighths to one-half of the width of flat, and the radius of the 
surrounding circle is from four-fifths to nine- tenths (of the width of 

flat) larger than the 
radius of eve. The 
thickness of eve is, 
usually, but not neces- 
sarily, the same as that 
of the flat 

For further informa- 
tion as to sizes, etc., the 
reader should consult 
the hand-books issued 
by the different rolling- 
mills, taking care to get the latest issues, as they are constantly 
changing their rolls and stock sizes. 

These books will also give the practice of each mill for locating 
holes in flanges of beams, channels, etc., sizes and weights of 
separators, manner of connecting beams by framing, etc. 

Table XXXIV gives in condensed form the results of the most 
recently published tests on irons and steels. 

POSTSCRIPT TO CHAPTER VHI. 

Since writing the foregoing chapter a claim has been made by J. 
W. Bookwalter, an iron manufacturer of Springfield, Ohio, to have 
perfected a new process which will revolutionize the manufacture of 
iron and steel. He uses what he calls a Robert converter, which is 
the same in principle as the Bessemer, excepting that the air is 
blown in horizontallv. 

The claims made are ; That he can produce any quality of iron 
or steel from the same furnace ; that the impurities can hv jrathered 
and floated off on the surface ; that the silicon can be controlled and 
burned out separately, ahead of, and without affecting the carbon, 
which can afterwards be reduced to any desired quantity, thus 
leaving the mass to be poured from the converter either pure 
wrought-iron, or steel of any grade, as may be desired ; and that the 
control of the silicon and carlx)n is perfect. 

Similar claims have Ix'cn made before, but were never substanti- 
ated. Should, however, these claims j)rove to be genuine, it would at 
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once mean a large saving in the cost of manufacture of all grades of 
iron and steel. It will be readily seen that not only is the cost 
of handling the iron several times and the cost of puddling (by hand) 
done away with (for if this invention does all that is claimed for it, 
the pig-iron could be melted and run directly to the final rolls), but 
the cost of furnaces, etc., will be greatly reduced, as one and the 
same converter will make any quality of iron or steel desired. 

Then, too, it would solve the problem of strong, cheap castings, as 
these could now be made of a high grade of steel at about the cost at 
present of ordinary cast-iron ; this, of course, would mean a casting 
with the forging, welding and other properties of wrought-iron. 

It is also claimed that the blast need not be nearly so strong as in 
the Bessemer converter, and hence the cost of this new converter is 
not only very much less, but its tuyeres and lining will outlive many 
times those of a Bessemer converter. 

It is further claimed that not only is the reduction in cost of steel 
very great, but that the cost of rolled-iron is reduced to the same 
level as the cost of steel. 



CHAPl'ER IX.. 

RIVET8, RIVETING AND PINS. 

WHEN it is necessary to secure two or more pieces of iron 
or steel together in such a manner that they can be readily 
separated, bolts are used. These arc iron or steel pins with 
solid heads at one end and threads cut on the other end, onto which the 
nut is screwed, thus holding the two pieces together. IIow closely 
the two pieces may Ix? held together depends, of course, entirely 
upon the man who handles the wrench. Then too, bolts or pins do 
not completely fill the holes through which they pass, which fre- 
quently is a cause of great weakness, besides the danger of water 
getting into the spaces and rusting them. Where, therefore, it is not 
necessary to ever separate the pieces — and the latter are of either 
wrought-iron or steel — rivets should be used, which, for all practical 
purposes, might be considered as jHirmanent lx)lts or pins. Cast- 
iron, of course, always has to be bolted, as it would break if riveting 

were attempted on it. A rivet is a piece of metal 

Description of (wrought-iron or steel) with a solid head at one end 
Rivet* ^ '^ . ^ 

and a long circular shank. In its shortest desiTip- 

tion the process of riveting consists in heating the rivet, passing its 
shank through the two (or more) holes, while hot, and then forging 
another solid head out of the projecting end of the shank. The 
hammering forces the heated shank to fill all })arts of the holes, and 
the shank contracting in its lenj^th, as it cools, draws the heads 
nearer together, thus firmly forcing and holding the pieces together. 
Rivets are made of mild steel or the very best wrought-iron, the 
latter being the most reliable. According to some writers, the shank 
is made tapering in length and circular in shape, l>eing larger at the 
head and smaller at the end. In this country, however, the shank is 

always of uniform diameter. The length of shank 
' from head to end varies with the thickness of pieces 
to be riveted together, but is long enough not only to jvllow for pass- 
ing through the pieces, but has also enough additional length to 
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provide for filling of holes and forming head, the additional length 
being al)out 2 J times the diameter of hole. The rivets are manu- 
factured by heating rods of the diameter of rivets, which are pushed 
while hot into a machine, which at one operation forms the head and 
cuts off the shank to the desired length. 

The shank In^fore heating is about one-sixteenth smaller in diame- 
ter than the hole, to allow for its expansion when heated, /. c, for 

3" rivets, J J" holes are 
punched and for |", \^' 
holes. There are four 
kinds of rivets, all answer- 
ing the same uses, and 
only distinguishable bv 
the shapes of their heads. 
These are the button or 
round headed rivet ; the 
conical h e a d e d rivet ; 
the pan or flat headed 
rivet; and the countersunk rivet. The latter is onlv used when a 
smooth surface is desirable. The first is the most used shaiK\ 
Figure 163 shows the different shajKis, the dotted lines indicating 
how the second head is finally sha])ed. Sometimes a rivet is counter- 
sunk on one end onlv. 

The exact sizes of heads, shapes, etc., vary in different mills. 
The diameter of head should Ixi from IJ to 2 times 
the diameter of shank,^ according to shajK' adopted 
and the height of head should be about § the diameter of hole. In 
countersunk work, the head may extend entirely through the plate 
or not, its diameter Ix'ing accordingly smaller or larger. Where it 
extends through the sharp edges will shear the rivet, countersinking 
therefore, should Ik? avoided in the plates. lu showing riveted work 
the diameter of the shank is always drawn and figured whei\3 the 
hole is to be left open and the size of rivets is spoken of accordingly, 
the hole is always made -^' larger. Where the riveting is to be 

done at the shop or mills, the size of head is shown. 
The spacing of rivets will be considered later, the 
direct distance from centre of hole to centre of hole is known as the 
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iThe FraDltlin Institute standard for butt4>n-head8 (which arc usually used in 
the United States) 15 to make the head \'* larger in diameter thau U times the 
diameter of shank. 
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** pitch" The pitch should never be less than 2 J diameters; nor 
should the centre of any hole (if possible) be nearer to any edge 
than 1^ diameters. By diameters is understood the diameter of 
shank. In riveted angle work the distance is frequently necessarily 
less. In thick plates it should be more. In drilled work the pitch 
might be reduced to 2 diameters. If rivet-heads are countersunk the 
pitch should be increased, according to the amount of metal cut away 
to make room for the rivet-head. 

In punching rivet-holes the position of holes are usually marked 
off on a wooden template and then through this marked or indented 
by a hand-punch on the iron plate ; the plate is then passed under a 

punch which is usually worked by steam-power, the 
Punchlngof^^^ ^j^ j^jj^l ^jj^ punch being adjusted to the size of 

the rivet-hole wanted, the punch is usually ^" 
larger than the rivet, and the die about J" larger. The thickness of 
plates to be punched should not, as a rule, be greater than J of ai\ inch; 
nor in any case should the thickness of plate be as large as, nor 
larger than, the rivet-hole, as, unless the diameter of the hole is 
larger than the thickness of the plate the punch is apt to break. 
Where holes are punched at the building, small screw or hydraulic 
(alcohol) punches are used, which can be readily carried around by 
one or two men, the power being obtained by screwing or pumping ; 
or sometimes, where mechanics are not quite up to the times, a 
rather more clumsy lever-punch is used, the power being obtained by 
increasing the direct pressure by leverage. Punching makes a 
ragged and irregular hole, and as it gives the plate a sudden blow or 
shock it injures the metal considerably, unless the rivet-holes are so 
close, that the entire plate is practically cold-hammered. The loss 

in strength to the remaining fibres in a punched 
Loss by Punch- wrought-iron plate is about 15 jjer cent, this loss be- 
ing, of course, in addition to the loss of area, and it 
is a loss that cannot l)e restored. In steel plates the remaining 
fibres are damaged about 33 per cent, but in them the loss can be 
restored by annealing the plate which, however, adds considerably to 
the expense. 

In drilled-work there is no loss, and the holes are not only accu- 
rately located but are accurately cut. But drilled-work is very ex- 
pensive, as it has to be done by hand or by machine-<lrills, the 
process being slow at beat and consequently meaning a very large 
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riveted girders it would protia- 



addition to the chaise (or labor. In 
bly double tbe expense of the girder. 

Tlie advantages of drilling are, that the bolen can he cut after the 
plates bave been partially scoured together, thus as- 
*^'Vf"rl"'nB. """'"S * perfect fit of tbe holea ovur eatb other; 
and that thu holes being perfectly smooth and even 
bear more evenly on the rivet, and tbe work is less apt to fall by 
comprcsiiion, tbnu where the bearing of plate against rivet is ragged 
and uneven, as in punched work. On the other liand, the edges of 
drilled holes are »o sbarji that they promote Bbearing, and for this 
reason the edges of drilleil holes in plates should be filed or reamed ' 
off. As a rule, however, the architect will find the bearing and 
cross-breaking strengths of rivets less than their shearing, excepting 
where rivets ure suiall in compariBon to thickness of plates being 
riveted, which is not often the case. 

Tci settle, then, whether work should be drilled or punched, is 
mainly a matter of expense. Drilled-work, of course, ia far prefer- 
able as regards strength and it costs accordingly. 

The rule of the mills is to punch all boles, excepting for counter- 
sunk rivets, which, after punching, of course, have to be drilled, to 
obtsiin tbe slanting aides of the hole. 

A medium course between drilling and punching would be to 
punch the holes smaller than desired and then drill or ream them 
to accurate sixe when partially secured together.' Steel should 
always be drilled unless anuealcd after punching. 

In moat work, liowcver, tbe architect will bave to be satisfied with 
punching, and must therefore allow sulEcient material to make good 
the damage done and to allow fur inaccuracies. 

In riveting pruper, that is, filling the bolus, there are aliio the two 

methods of doing it, by hand (hand-riveting), or by 

Maoh1ii^lll««t- mathiuery (machine-riveting), but unlike tbe making 

of the hole, in this case, the machine-work is both 

better and cheaper. 

A machine-driven rivet is driven and completed by one power 
ful sijueeze of the steam (or compressed-air) riveting-machine; this 
squeeze not only forces the plates more closely logetlier, iiut more 
I'otnpletely Gils the hole with the rivet metal, besides the great ad- 
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vantage of doing the entire work while the rivet Is hottest, and while 
it is, of course, at one temperature. 

In band-riveting these advantages are lo^t, the power being only 
equal to that of the mechanic's blow, and as in hand-work the pro- 
cess consumes some time, the rivet changes its temperature and cools 
considerably. 

In riveting, the entire rivet, including the head, should be heated 
to at least a red heat. It should not be heated bevond this for fear 
of ^* burning," particularly with steel rivets. Rivets that have been 
heated once and allowed to cool without working should be discarded. 
If rivets are driven at a lower heat than a red one, they will be 
greatly damaged, unless riveted cold. 

In hand-riveting at least two men are required, one to hold the 

head, the " holder-up," the other to do the riveting > 

but generally there is a boy to heat and bring the 

rivets, one holder-up, and two riveters, whose strokes alternate and 

thus accelerate the process. 

The riveter puts a punch or drift-pin through the holes to clear 
them and force them into line ; the holder-up seizes the hot rivet 
with his pincers and puts its shank through the hole, he then covers 
the head with a holding-up-iron sha{)ed to fit it, and the riveters at the 
other end begin hammering down the projecting end of shank. 
When this is roughly sliaped the use an iron (called "button set," 
for round-headed rivets), which is properly shaped to make the head. 
Before beginning to hammer down the end of shank, the riveters 
should always thoroughly hammer the plates around the hole, to 
bring the plates closely together. 

Hand-riveted work can sometimes be distinguished from machine- 
riveted work by the many marks at the ma<le head. In mai'hlne- 
work there is but one mark, and this mav be a little out of the 
centre with the shank and so show the squeezed material around its 

edge. But usually the work cannot be distinguished 

**^^.-*»P'^V"' in this wav. If hand-rivetincr has been conscien- 
SUisn RivetinKa ° 

tiouslv done and bv careful mechanics, it is difficult to 
distinguish it from machine-riveting. But the shanks of hand-riveted 
work, as a rule, do not fill the hole as well as those in machine- 
riveted work, and they can more easily be *' backed out " after the 
head has been cut off with a chisel and hammer. The only reliable 
test in both methods is to hold the hand one side of the head and 



e othet siile with a light hftnimer — the hammer test — when 
tliB sound will qiiickly clisdo»e loose shanks. If in maeliine-riveting 
the jilute has bfcn sprung, and the pressure is ijuiekly removed while 
the rivet is still hot, the plate may settle back, lift the hot head, and 
so form a loose shank. 

In deiiigning riveted work, whether to be hand or machine riveted, 
the art-hiti-et should Iwar in niinil the necessity of plai'ing the 
to that ihcy tan be inserted in tlie holes from one side anil ham- 
mered from Ibc other, and for machine-work, tliat the machine c 
reach them.' 

Steel rivets are very seriously damaged during the profcsB 
riveting. Box gives as the average of a number 
*'**'dama«ed. '^^^ °f bar steel a tensional-atrcngtU of 47,84 tons 
(gross), which, after riveting, was equal in shearing- 
strength to only 23,77 tons (grot's), a loss of 60 per cent as between 
the tcnsional-strengih of the steel and shearing-strength of the 
riveted work, whereas in ordinary aiecl work this toss never e.iteedi 
,'!3J jier evnl, as between tension and shearing. 

In wrought'iron the loss is alrant 15 per cent. In steel the 
Btrvnglb of the rivets will dejiend greatly u]ion the composition and 
nature of llie steel itself, but in order to be able to rivet, the steel 
will necossarily have to be of a mild character. The safe talues 
^ven in Table IV, for compression and shearing of wrought-iron and 
steel, can therefore be useil wilh [lerfect safely. 

When calculating bending-moments on rivets, 
rupture 23 [>er cent greater than givi 
Um larger mod- ^ ^^ j ^j^ rivet-heads answer the same 
uluaolruptura. -' ,, , ...,,. 

|iur|>oseainnts andli«uds on pins in holding together 
the jiUtes which are pulling in ojiposite directions, and thus reducing 
the liending-moment iiy friction. In figuring the number of rivets 
required an architect should err on the side of liberality, rather than 
to stint them, as tliere will necessarily be more or less of them pooriy 
drivi-n. lie should particularly do this where strains arc small and 
the number of rivels reijiiired are few, as one weak rivet in a small 
lot would ipiickly diminish the factor-ot-s&fety, where in a large lot 
it would scarcely vary it appreciably. 
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vm Inilde f uce ol une leg ot iin uigle-lrou tu < 
arlig, tbauIU I* nt leiisl H" fvir I" ilUuuiiter 
" for J" dluiietsr rivet ; J" (or I" diameter i 
nTiil If possible these illitiuiciu sliaum be Inert 
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Of course the more rivets there are, the more will the plates he in- 
jured and cut away ; this loss, however, can be 

Ohainf liffiac largely overcome by what is called " chain-riveting," 
or stassoi'o<'* o J J o' 

or "zig-zag" riveting, and by making the laps or 

cover-plates pointed. 

Chain riveting consists of placing the alternate rivets on different 

lines instead of all on one line, see Figure 164. This again is called 
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CHAin lUVETCD ZIG-ZAG 

ria 164. 

zig-zag if they alternate as shown.^ A cross-cut through this plate 
at any point can only pass through two rivets if chain-riveted or 
through one rivet-hole if zig-zag riveted ; so that the plate is only 
weakened by two or one rivet-hole, respectively, while it may have 
a large number of rivets. 

Where plates are lapped or joined by cover-plates, the rivets have 
to transfer the full strain from one plate to the other (in case of a 
lap) ; or from one plate to the cover-plate and from that to the other 

plate (in case of cover-plates). Of course, it can be 
Plates weak* 

ened by hoiee. ^^^^^V ^'^^ ^^** ^^^^ means a large number of rivet- 
holes and a very great weakening of the plates. If 
it were practical to suddenly enlarge the plate at the riveting point 
there would be no loss, but this would be clumsy and besides it would 
not be practicable to roll plates with certain points enlarged or thick- 
ened. As the whole plate, however, will be equal only to its strength 
at its least cross-section the rivets should be so disposed as to weaken 
the plate as little as possible. This is done by pointing tlie plate 
ends in the case of lapping, or the ends of cover-plates where these 
are used, and are not covered in the construction. Where the plates 
are to be ultimately hidden out of sight, this expense is saved, the 
plate ends are left s(|uare, but the rivets are placed pointedly or 
pyramidically. 

Thus, in Figure 165 is shown a lapped joint with staggered rivets; 
we will suppose that calculation has shown the 
necessity of nine rivets to equal the tensional strain 

» Most mills use the term *' staggered " in place of " zig-zag," but for conven- 
ieucf iu writing the writer prefers to usq the term staggered to mean zig-zag 
riveu placed pyramidically. 
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on ench plute. Tlio under plate .1 U ilolteil, Uie upper plate B 
drawn with full linun. By arranging the rivets as shown in Figuri* 
165, eaeli plate is wcakenci only by one rivet-hole. (As already ex- 
pbunvd the plates thcmsi-lvcs need not nci'csiarily be pointed, but 
can be left square, if expense mant liu i-onsidered and looks are no 
object.) For, while a HX'tioD al C shows platv A weakened by two 
rivet-boles (Nos. 2 and 8) 
t must be remembered 
; that the striun on A is no 
r the full strain, but 
bas been diminiehed by 
"" an amount equal to the 

work that would have come on the one riret-hole ; for rivet No. 1 
baa already transferred this mnmmt to plate B. Similarly while 
a cut at D tiiovn three rivet-holca (Nos. 4, 3 and 6) the plate ii 
really not weakened at all here, for an amount of strain equal to 
what would have come on the metal taken froni these rivet-boles has 
already been transfer red 'to plate B by rivets Nos. 1, 2 and S. 

Similarly as the strain on B increases the rivet-holes in it diminish 
till at No. 3, plate B has got the full strain and is therefore only 
weakened by this one rivet-bole. 

The disadvantage of lapping plate ends is obvious, as the plate 
would not conlinuD in the same plane. For this 
'c^ar-'Dlota*. ''^''™'' joints are genurally made by butting the 
ends of the plates and covering one or both sides 
with rover-pltttes, The print-iple of riveting is the samu as for 
lapped joints, but i( will require a different disposition of the rivets, 
and twice the number of livets, as plate A (Figure 166) has to 
transfer its strain to the cover-plate by one series of nine rivets, and 
1 plal« B by another series of nine 
■en in Figure 166. In this case tlie 
t each side, or 20 in 



the cover-plate transfers it t 
rivets. This can U readily sei 
disposition of the rivets requiri 
all. 



'Where it is not necessary to keep plates .1 and B in the same 

plane it would lie tlieaper and better of course to lap them, rather 

than to use unf cover-plate. If, however, two cover- 

rwo cover- plates can be used, one on top of the plate* and the 

other under them, the advantage is very great, as 

the slriiin will be transmitted In a direct line or ])lane from plate A 
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to plate By and besides this the joint is greatly strengthened by the 
friction between the cover-plates and plates A and B, In an experi- 
ment made by Clark with three | inch thick plates riveted with one 
j inch rivet through an oblong hole, it was found that friction added 

about 5 tons resistance against pulling out the centre 
OalnbyFrlctlon.pi^^g This would seem to add a safe-strength to 

each } inch rivet of - and if /= 5 (or a factor-of-safety of 5 were 

used) it would add just one ton to the calculated strength of a J inch 
rivet. This increase, however, is a doubtful one, and would prob- 
ably be lost in time by a gradual wearing of the plates due to this 
very friction, or possibly from slight rusting or other causes; no 
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allowance should therefore l)e made for extra strength due to friction, 
but it certainly is a great advantage in making joints ; and the above 
facts may account largely for the discrepancies in experiments on 
riveted joints, where no allowance is made for friction. 

The pitch of rivets is, of course, governed by circumstances. The 
rule is to try to arrange the rivets, so that the strength of the plate 
between them shall equal the actual strength of the rivet. 

In boiler-work, however, they must be located not only for 
strength, but must be ])la('ed close enough to make 
^' the joint steam-tight. For this reason, too, boiler- 
plates are always lapped, the joint being more easily caulked and 
made tight. 

In constructional work, however, there will be a great loss and 
waste of material, if the rivets are placed too closely. In plate 
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^rtlers and riveLeU jaints in trusses tbe rulu is not to make the pitch 

leM than S^ diametera for punched- work, nor more tbiiii sisteen 

times the thickness of the least pUlc at ihe joint, or : 

;. = 16.( 

Where p = the greatest pitch, in inches, for i 

Pilch, girders or riveted trusses. 
Where t ^ the thickness of the thinnest plate, ii 



(lOT) 
s of plate- 



The pitch Is measured from 
direct (straight) line^ 

Where p, ^=^ tlie least pitch, in inches, for 
l>WMt Pitch. or riveted trusses. 

Where il^^ the diameter of rivet-holes, in 
The eKiujt piU'h must l>e between these t 
course, cnlculaleil. 
Different w 



hole to centre of hole o 
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iters have aitetnptcii to lay down exact rules for the 

size of riveiB to lie used, using for a basis for the 

formulie the thickness of thinnest plate lo be rivelud. 

Such rules, however, generally do not agree with 

good praclk'e, as they either make the rivets too small for thin 

pUtei, or too large for thick ones, or vice versa. 

As a rule the local circumstances must control the election of the 
rice of rivet; the following, however, may serve a,s a general guide: 
Fop ptale* from f to ,\" thick, use rivet-holes |" diameter. 
For plates from ^" to j" thick, use rivet-holes J" diameter. 
For plates from \^" to J|" thick, use rivet-holes J" diameter. 
For plates from J" to 1" thick, use rivet-holes 1" diameter. 

Of course, larger or smaller rivets can be used, but as a rule J incli, 
j inch, and J ini^h are most desirable. 

Figure 16T shows the. different ways in which riveted-work will 
yield. This figure is made from a photograph of an actual speci- 
men, tested and torn apart at the Watertown arsenal. 

It is evident that the plate began yielding by all of the rivets com- 
pressing or crushing the plates, and finally yielded 
completely by tearing apart from 3 lo 1 and to left 
edge and tlie same from 4 to 5 and the right edge, 
re its way completely out, shearing off n piece of the 
5 3 and i partially so. 
Les tested were 15 inches wide, j ini'h thick, with two 
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\ftm effifi^^jAMlttt Iff tnd^ x ^^ inrli itaelk. Tike rirecs were }{ inch 
#/f \rim $u^\ ftlUsd 1 iiwJk drilled boiei, p«t/:h :i inches. 

Thtt %Ttftm are* ^/f ptate wm 3,T<5 •qnare inrfaes. tbe net area 
2fiV9* Tbe t//tal tjearinjHiurfatfiAf of rireu on tbt: plates agi^regated 

., 1.255 iquare inches, and their 

y jN aggregate fhearing arvas, 

^1 _.L — I (being in doable fhear) was 

7,%54 f^ioare inc-hes. At 
116715 pounds strain tbe 
edges contracted and scale 
on the tjjecimen began to 
start and the plate yielded as 
shown at 167200 pounds 
strain. This was equal to 
44410 pounds tension per 
square inch on the uncut 
— -s plate, or 66610 pounds per 
— > square inch on a line at the 
rivet-holes (or net area). 

The compression from the 
rivets was 133230 pounds 
per scjuare inch, while the shearing was only 21290 pounds per 
•quaro inch. 

This example shows clearly how the plate yields. Besides this 
tho Joint might yield by breaking or shearing ol! the rivets. We 
have thou the following six manners in which a riveted-joint might 
yield. 

Nowlliv«t«d 1. By crushing either the rivet or the rivet crush- 

lolnt yields, i^g the plate. 

2. By shearing off the rivet — in single shear. 

8. By shearing off the rivet — in double shear. 

4. By bending or cross-breaking of the rivet. 

6. By tearing the plate apart or crushing it between rivet-holes. 

6. By tlie rivets shearing out the part of the plate between them 
and the edge. 

In Figures 168, 169 and 170 are shown three kinds of joints, each 
with a single rivet transferring the whole strain; in Figure 168 
directly from plate A to plate B; in Figure 169 transferring strain 
£n>m plate A to cover-plate and thence to plate B; and in Figure 
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ITO tranBrerring one-liaU o[ Ibe strain A lo each cover-platu and 
tbc&ce eacli holC is tmasfi'iTcd Iiack again to platu B. 

It *boiild be remarked ben; that i.-ovei^()lnWB (as in Figure 169) 
eboulrl be !it least tlie full widlli and tbic'kiiL-S3 of tbe original 
plates. In practice tbey arc made a iriilu tliickcr (about ^ inch 

Cover-plates, as in Fi^re 170, sboiiM each be tlie full width of 
original plates nnd at U'ast one-balf the thickness □( same ; io 
practice tbcy loo nre cacli lunde aliout -^ incli (or more) tldeker. 

The plates A and B arc themselves, of (bourse, of the same thick- 

Now to prevent failure by tbe first method, compression, there 
must be area enough al both G II and C D, (if 
tL-nsion), not to crush the rivet or the 
,t ihtEe poirils, (C Z) -f E / and at G // in 
eonsidered e<iual to tlie thiekness of 
covei^plale or ibeir euras) multiplied 
It-hole, 
t failure by the second method, single-shearing of rivet, 
the area of cross-section of each rivet must bo sutB- 
clent not to shear oft under the total strain on either 
plate A or B. It will be readily seen that only the 
rivets in Figures IG8 and lua are subjetted to single abearing, vis: 
at tbeir secliouB G A Tlie rivets In Figure 170 have two areafl 
resisting shenring, G D and H K, hence are sulijected to double 
■hearing ; therefore their area of cross-section need only be sufficient 
to resist a shearing strain e^iual Xo only one-half of the loliU 
Btrain on either plate A or B, in order to avoid failure by the third 
method. 

To avoid faUure by the fourth method, the rivet must be sufB- 

Pallura by elently strong to resist tbe load as a lever in Figure! 

bendlRK. lUit and III!!, and as a beam in Figure 170. 

In Figures 168 and 1G9 «e can consider the part D CFOm the 

built-in part of a lever, with a free end DE II O which carries 

a uniform load equal to tbe whole strain on either ptate A or B. 

In Figure 170 we have abeam supported at C DG F anA E I Jff, 
with its span or central part O II E D loailed with n uniform load 
equal to the whole strain on either pinic A or B. 
To prevent failure by the fifth method the area 
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of either plate taken at right angles across same through the 

rivet-hole — (that is, deducting the rivet-hole from 

Failure ®' the area of cross-section) — should be sufficient to 

resist the tension or compression. 
To prevent failure by the sixth method the rivets must be far 
enough from the edges of plates (cover and original 

The rule is shown in Ficrure 171. Make ansle 
A O C=90^ that is a right angle (0 being the centre of rivet-hole 
and C A part of its circumference), and so that the directions of O A 
and C are at 45° with edge of plate D B, Then the sums of the 
areas AB~\- C D — (that isy A B-^- C D multiplied by thickness of 
plate) — must be sufficient to resist the longitudinal shearing strain, 
which in this case would be the strain on either plate A or B 
(Figures 168 to 170). 

To put the above in formula; we should have : 

Use X for lap joints only. 

Use 2 X in place of x for butt joints with single or double cover- 
plates. 

8 

•l„gl.Sh.a,.n« * - -.857.^,/.^/.^ (HO) 

Use X for lap joints only. 

Use 2 X in place of x for butt joints with single cover-plate. 

8 

Double ^— ~7ir\ (111) 

SheaririB- 1,5714. d^.( K ) ^ ^ 

Use 2 a; or butt joints with double cover-plates. 

s. h. 

0,10G4.Gf8. / M 

Use X for lap joints only. 

Use 2 X for butt joints with single cover-plates. 

5. h 

Bending- ^ 7~F\ (H^Y 

moment Beam. .. -..^ -«/'»' \ ^ y 



Bendins- -^ ~7~t~\ C112) 

moment Lever. /v ^n/^^ ^» / '»- \ v / 



0,7857. c/«.( ^ ) 



' The fourth decimal given in formuhc is not (luite right, but is made to correa- 
pond with fractious used in Table I. 



Use 2 X for liutt joints wilh ilonble cover- plates. 
Use ^ A) instcud of <±J U plale U Ui comprBssioii. 
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(> ihan one rivet use - inslead of i for disU 



(115) 
e of enoU rivet 



from end us iihown in Fignre 1 71.) 

Where «=:iho whole loail or Etrain. in pounds, to be trntis- 
ferred from one side of the joint to the oilier. 

Where i/^ the diameter of rivet-Iiole, in inchea. 
Where A = the thickness of plate, in inches. Where more 
uaed, take for A the least aggregate aum of thich- 
of all plates a<:ting in one direction. (The 
f cover-plat«B sliould at least equal this 
aggregate in thickness and should be larger, 
where the net b of cover-plates Is siuallvr tlian 
tlie net 6 of connected plutes.) 

Where b =: the net breadth of plate, in 

inches, that is the breadth, less rivet-holes, at 

the weakest section ; vhere more than one plnte 

be of same breailth. The net b ot 

icb less than that of original plates, 

rentre, where 




FIG.; 171. 



is used they should all of cour 
cover-plates will frequently be 
a» ihey lose the grealeat number of rivet-holes 
they ar« carrying the full strain. 

Where r =^ the total number of rivets required at the joint for 
lap joints, and the number rcrjuired tach tide of joint for butt joint* 
with single or double coverplatos ; that is in the latter two eases 3 x 
will be the totnl number of rivets reiiuired. 

Where y^^in inches, is the length A B or C D (Figure 171) 
from any rivet to free edge of plate; where more than one rivet Ja 
DBCd, insert - in formula, in place of *. It will only be necessary, of 



.Iculate 1/ lor tlie lin 



IVhere ( ^- 1 =: safe I'ompri 



irest free edge. 
e*s, jier square inch, 
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^'^T^re f -^ J = safe tension stress, per sqoare inch, 
Where f -?. J = safe shearing stress, per square inch, 
Where l-j\ = safe modulus of rupture, per square inch, 



all in pounds, (see Table IV). 



PorStMl. 



**'*«5yi^*'*5i '^® writer uses the following values, as a rule for 
on RIvMsano 
mna. rivets ana pins. 

PorWrouc|r^^ (f) = ^^^^^ pounds, per square inch. 

(yj= 12000 pounds, per square inch, 
(-yrj = 8000 pounds, per square inch. 
(-pj= 15000 pounds, per square inch. 
(Srj = 15000 pounds, per square inch. 
( y J = 15000 pounds, per square inch. 
(JLj=z 10000 pounds, per square inch. 

f -1 )= 18000 pounds, per square inch. 

Example L 

Lap Joint. A wrought-iron plate, which cannot be over 12" 

wide, is required to be so long that it has to be made up from two 
lengths ; the joint is to be a lap joint. The plate is in tension and 
is strained 65000 pounds. Design the joint. 

We will assume that we propose to design the joint as shown in 
Figure 165, with staggered rivets, in that case the plate will only be 
weakened by one rivet-hole. We can readily see that the plate will 
not need to be very thick and decide to use }" rivets, (that is }" 
rivet-holes)^ ; we then shall have a net breadth of plate 
Sise of plate. b = 1 2" — }" = 11 i". 

Of course s = 65000 in this case, and we know that 



(')=» 



.2000; 
inserting these values in Formula (114) we have: 



1 Before boating, iu tbU case, the rivets would be | • 
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Or we shonld uio a plate one-lialf inch thick. 

We next determine the number of rivcta required. 

Id the first place tliere munt be enough Cor bearing, tliat is not to 

Requ)rad crush tlie plate or get crushed hy it. We ate 

2i",7"'*''°'"''^Formiili>(109) inserting the valnes, and have : 

_ 65000 

^~ J. f 12000" 

Or we fhould need 15 rivets for bearing. Had we figured without 

using the formula, we should have «aid, the bearing area of each 

rivet is }" by }" ^ | square inches, this at 1 3000 pounds, per square 

inch, would equal 43U0 pounds safe-compression for each rivet, 

dividing this into 65D00 pounds, the strun, would, of course, give 

the same result 14,44 or say IS rivets. 

We next see if there is any danger from shearing. The joint be- 
ing a lap joint, the rivets will have, of i^ourse, only one sectional area 
to resist shearing, that is, will be in single shear, so that wo use 
Formula [1 10) and inserting values have : 
_ (isonn 

Or we must use 19 rivets to prevent the shearing. 

Had wo figured without the use of formula, we should have said, 
ftr«a of a }" rivet is:=0,44l7 square inches. This multipUed by 
8000 pounds (the safe shearing stress per square inch) := 3533,6 
pounds, or eaoli rivet could safely assume this amount of the strain 
without Bkearing. This amount being '?» than tiie safe comprcision 
on each rivet, would, of course, require a larger number of rivets, 
and should therefore be used, rather than the latter. We have, 

in effect -?'"-!'? = 18,39 or say 19 rivets, being four more than re- 
3a33,D 

quired for bearing. 

We next take up the question of bending ; the joint being lapped 
the rivets will oractically become short levers- We use Formula 
(lis) ; inseriJDg values, we have: 

^^*'"''> - =36,15 



= IS,39 



0,78S7. 



On 



! should 1: 



0,1964. (J)'. 15000 



3 prevent bending; 
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readllj iDiistnaef the gremt disadranUge of not transferring 
the ftrain in a direct plane, by using two corer-plates. 

Had we not osed the formola, we should have said, we have here 
a f" eircolar lerer, the free end projecting ^" and loaded aniformljr 
with a load of 65000 pounds. 

From Formula (25) or Table VII we haye the bending-moment 

III = '* = 16250 pounds-inch, 

and from Table I, section No 7 the moment of resistance. 

From the formula on page 49, Volume I, 

m 

r 
we haye the total extreme fibre strains on all the rivets, 

s = -—— =392228 pounds. 
U,U4143 ^ 

This divided by the safe stridn, or safe modulus of rupture 
f -7f j = 15000 pounds, will give the number of rivets required, viz : 

??^« = 26,15 
15000 ' 

or 26 rivets as before. 

We still have to decide the distance y (or A 2J, Figure 171). We 

use Formula (115). As we have more than one rivet we use in place 

of s the strain on each rivet or ~ which was the largest number 

required as above, therefore : 
j^^6500^^ 
2G 26 

Inserting this in Formula (115) we have: 

y= _2^i^_ = 0,3125" 
^ 2. i- 8000 ' 

This, however, being les3 than our rule which requires IJ diameters 
from centre of hole to edge, we will stick to the rule. 

We now design the joint. 

We have a plate 1 2" wide, J" thick, lapping, and require 26 rivets. 
DeaigninKthe They must be arranged not to weaken the plate by 
Joint, more than one rivet-hole. 

If we arrange the rivet-holos as shown in Figure 172, we will find 
it the most economical arrangement. To be sure it allows for only 
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25 rivets, but that will probably be netr enough, otherwise we should 

have to insert at least ^va more to keep them symmetrical. It will 

be readih' seen that the weak- 
E D c B A "^ . . . 

! j I j I est point is at section A 

where one rivet-hole is lost. 

Section J? is of same 

strenj^th, two rivet-holes 



« >. I 
O T 

^ ^ ^ i I ^^^ \ been reduced by an amount 
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equal to the value of one 
rivet-hole. 

At section C we lose three rivet-holes, but the strain has been re- 
duced by the value of three rivet-holes, so that the plate practically 
has its full value here. 

At sections D and E the plate is stronger to resist the remaining 
tension than required. 

By figuring out E (12'' wide) it will be seen that the pitch on this 
line is more than required by the rule, Formula (108). 

The pitch F G between two adjacent lines of rivets, measured on 
the slant from centre to centre of rivets, should be at least 2^ diam- 
eters, 2 J. }= 1 J" or say 2", 

It will be good practice for the student to carefully lay this joint 
out to scale. 

Example 11, 

A steel plate 10" wide has to he pieced^ and for 

Buttloint ^^f[%^^local reasons this can only he done by a cover-plate on 
cover- pi ate. i rr, . 

one side. The plate is subjected to a tensional strain 

of 1 35000 pounds. Design the Joint, 

Of course, tlie rivets must be of steel too. 

We will again assume that we can stagger the rivets, so that we 
shall lose only one rivet-hole. The plate will evidently have to be 
thick and we will decide to use 1" rivets ; this would leave us a net 
breadth of plate 
Size of plate. 6=10" — 1" = 9" 

From Formula (114) we have : 
, _ 1 35000 _ - ;, 
~ D. 16000 "" 

Or the plate will have to be just one inch thick. The cover-plate 
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•hould be mt least the nme, if there were oolj one riret, but as there 
will evidentlj be more than one and we propose staggering the 
riretSy the corer-plate will hare to be considerablv thicker ; we can 
therefore leare the corer-plate oat of consideration for the present 
as, being thicker, or in case of one rivet equal to the plates to be 
joined, it will certainlr be as strong, and not crash. 
Required Now, as for the number of riTets, from Formula 

number of rfv- (109) we hare for bearing: 
___ 135000 __^ 
^""l. 1.15000"" 
Or nine rivets are requh%d not to crush the plate or be crushed by 
it (each side of joint). 

From Formula (110) we liare for single shearing (as there is 
evidently only one area to each rivet to resist shearing) : 

— 135000 —17 2 

^ ~ 0,7857. 1«. 10000 ~" ' ' 

Or seventeen rivets are required to resist the shearing (each side 

of joint). The rivets will evidently be levers in this case and we 

have from Formula (112) 

135000.1 -,38 1 
0,1964. 1». 18000 ' 

Or it will require thirty-eight rivets to resist the bending-moment 
(each side of joint). This again shows the advantage of using both 
a top and bottom cover-plate and so avoiding the great leverage on 
the rivets. 

It must now be borne in mind that the joint is a butt joint, there- 
fore, unlike the case of lap joint where the whole 
Joint, nuniber of rivets bear on each plate, we must here 
use twice the number, as only one-half, or those each 
side of the joint bear on one plate, or we require in all 76 rivets. 

The plate is so narrow that we cannot get more than three rivets 
on a line across the plate, without infringing on the rules for pitch. 
We can, therefore, stagger the end rivets and make the rest either 
chain riveted or zig-zag riveted. The chain riveting will require a 
little longer cover-plate, but in the case of a plate-girder flange 
would have the advantage of using the rivets that are needed for the 
angle-irons. 

In that case we should not stagger the end rivets, for our plate 
would only be weakened by one additional hole, and, of course, the 
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gross breadth of plate would have to be 12 inches instead of 10 
inches to give same strength. 

Figure 173 shows this joint chain riveted, with end rivets, stag- 
gered, to correspond to our calculated example. 

We see that it takes 39 rivets each side of joint for symmetry. 

Figure 1 74 shows this joint zig-zag riveted. It has three advant- 
ages over the other, it is shorter, takes just the right number of 
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rivets and requires a thinner cover-plate. For in Figure 173 at the 
first line of rivets next to the joint (C), the cover-plate loses three 
rivet-holes and bears the full strain, or its clear breadth would be 
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c no* 17*. 

only 7 inches and from Formula (114) would require a cover-plate of 
thickness 

'^-715000-^'^ 
or say 1 ^" thick. 

Whereas, in Figure 1 74, next to the line C we lose only two rivets 
and have consequently a clear breadth of 8 inches and require from 
Formula (114) a cover-plate of thickness equal to 

A = J:?^^ = 1,125 
8.15000 * 

or only 1^ inch cover-plate. 



Had ve BI9C ued ?Le forT='m v« iMoji kaw 
riresi, etc a* £o£krvf : 

Rhszt^I aes or c-jear irta of p^jee 

. ^. =: > iqsare iaexiet. Xec breadik ben^ ^^ gnnes» of 

ewne. 1 ' tLkkDeM. 

Bcariikg area of eacii rires ^ l.l = 1 square iadi, wbidi will 
nfelT bear ld<i>00 poonds or ve dsooU ac«d 



Single fLearm^ area of each riret (or area of acircle 1" diameter) 
= 0,7:5^ «qaare inchef, wkidi as 1<».^> pooads per fqoare iodi, 
would giTe a rptfftanre to chearing per riret = 78M pooadt or we 
■hould need 

' - — = 1 7,2 riyets. For bendin^ we fhoold hare a one 
7»o4 ° 

inch circular lerer, projecting one inch and nniformlr loaded with 

135<><» pounds. 

The bending-moment would be Formula (25) 

m = — = 6 1 500 pounds 

The moment or resistance would be Table I, section No. 7 

r=H.(i)» = 0,0982 
The strain g, therefore, oo all the livets will be [page 49, Volome 

I] 

,= 6i2»!> =687373 
U,U9»2 

This divided by the safe modulus of rupture for steel rivets 
f'j = 18000 will give the required number, as before, 

687373 _ 
1800U 

Example III, 

Butt-joint Two Satne problem as before^ but two cover-plates to be 
Oover-plates. useiJ, one aUwe awl one below the Joint. 

We will again decide to stagger the rivets and losing only one 
rivet-hole will again require a 1" thick plate. 



COVER PLATES. 77 

Now, for bearing we will have the same result as before, viz.: 
9 rivets required, but in shearing it is evident that 

Required num- ^q^ g^jj^ rivet has two resistins areas or is in double 
Derofrivetet ° 

shear, so that we will need only one- half of the 

17 2 
previous quantity or — ^ =r 8,6 or say, nine rivets. Had we used 

Formula (111) we should have obtained this result, for : 

135000 Q ^ 



1,5714. 1«. 10000 

For the bending-moment we use Formula (113) and have 
___ _ 135000.1 __g . 

^""0,7857. 18. 18000"" '^ 
or say ten rivets required to resist cross-breaking. This shows how 

much better proportioned tlie different strains 
Advarr^se^of^^ ('*^^*''''^S» bending and bearing) are to each other, 

where we use two cover-plates. Had we calculated 
directly without use of formula we should have obtained the same 
results. We have already calculated net area of plate and bearing 
value of rivets in Example II, also the single shearing value, which 
was 7854 pounds per rivet ; as we now have two areas this would be 
doubled or the resistance of each rivet to shearing would be 15708 

pounds and the number required y.;?^ =8,6 as before. 

For bending-moment we should have a 1" circular beam with a 

clear span of 1", uniformily loaded with 135000 pounds. 

From Formula (21) we have the bending-moment 

135000. 1 ,-Q-R , . , 

m = = 168 < 5 |)ounds-inch 

o 

Moment of resistance will be as before 
r= 0,0982 

Therefore the total strain on all the rivets 

, = ^6_^li = 171848 
0,0982 

This divided by f — , )= 18000 gives the required number of rivets 

as before 

171843 o- 



18000 

Deelsninsthe We now design the joint, as before, remembering 
Joint. ^Q stagger the rivets and to place the reijuired num- 
ber each side of joint. The greatest number required was to resist 
cross-breaking, viz., ten. 
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We cmo desgn M£ ibowii in Figure 1 75 or as Aamn in Ftgnre 1 76 ; 
both require eleven rivets each side of joint, bat cover^Utes in 
Figure 1 76 need onlv aggregmte 1 1" in thickness, that is, be ^" thick 
each ; while tho«e in Fl^r« 1 75 woakl have to aggregate 1 ^" in 
thickness, or be, sav, \\' thick each. 

Joint shown in Figure 1 75 looks a little better, bot otherwise there 
is no preference. 

If cover-plates are not equal in thickness each side of plate, it 

^^.^ would require very many more 

^-» I rivets- Each rivet 

/9\ Co^rsof same ^^^^j ^^^^^^^^ ^ 

/ o o \ thicfci 



riG 173. 
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double lever, with 
its central part built-in and a pro- 
— jecting free arm each side, the 
length of arms being equal to their 
respective thicknesses of cover-, 
plates. The load on each arm 
would be the proportion of whole 
strain, that the thickness of ita 
respective cover-plate would be of 
the whole required (aggregate) thicknesses of cover-plates. 

There would be no sense in such an arrangement however. It 
would produce all sorts of unequal stresses, in shearing, bearing, 
cross-breaking, etc., and should be avoided. Riveted work at best is 
very theoretical, as the calculations depend entirely upon the 
accuracy and fit of each rivet. If a single rivet fails to do its share, 
it will at once disarrange all the strains and produce unequal stresses 
in diflferent parts. Still if the above rules are followed, riveted 
work can be used with perfect safety. Where the result gives a 
fraction, a whole rivet should as a rule be used in place of the frac- 
tion. If the necessary spacing recjuires still more rivets, they can 
either be used, or, all the rivets can be reduced in size enough to 
bring them nearer to the allowable stresses. 

No account has been taken of the loss due to punching, for this 
will affect the plate in tension mainly, and the safe stresses allowed 
for tension are very low. In compression the metal would not be 
strained as heavily as in tension, for the rivets will not weaken the 
plate so much if they entirely fill the holes, thus giving full bearing 
on the entire })late. Then, too, the butt joint if planed and carefully 



mode and joined, will (ransfer directl)' u 



ir Ivsa of the compres- 






But in all good work it a cuElomarj- to place no rclinnce wbatevtr 
on iLi: butt, and to c»l(.-ulate ia compreBdiou llie same 
laion, namely, mllicient nel uri-'a in eucb 
plate, aX its weakest section, to resist tlie whole 

Talilea XXXV to XI. ineluaive, have been calculated and laid out 
lo Bttve must of the wearisome figuring necessary ia rimted work and 
in connection with pina. The GraC tlireu give the 
txplnnwrnnot bearing value o( pins and rivets against eye-bars or 
plates, and the iatter three the values in tension, 
single and double shearing an<l in cross-breaking of pine and rivets. 
All the tables are laid out for both stet-l and wrought-iron. 

The fidl heavy straight lines in Tables XXXV, XXXVI and 
XXXVll represent tbo thii^knessea of platea or eye-bars aguinat 
Tables iii* which the different sizes of rivets or pins Iwar. 
«»»•'. «»""'■ The thicknesEes given are from {" t*» IJ" in Table 
XXXV and from f to 2" in Tables XXXVI and XXXVII; aU 
by ^". For ihiukcr plates or eye-bars it will only be necessary to 
increase the bearing value found, in proportion to extra thicitness. 

The columns to the left give the diameters of pins and rivets, run- 
ning in Table XXXV frora J inch diameter {by ^ inch) to 1 inch 
diameter; in Table XXXVI fi-om I inch diameter (by -^ inch) to S 
inches diameter; and in Table XXXVII from 3 inchea dituueler 
(by ^ inch) to G inches diauieter. The figures at the lops of these 
tables give the bearing values in pounds for wrought-iron, and tliose 
alons the bolloms, the bearing values in pounds for average steel. 

Tlie full heavy curved lines in Tables XXXVIII, XXXIX and 
XL ^ve the single and double shearing values for the aamc sized 
pins and rlvuta as in the previous three tables. 

Tabl«* iiivill "^^^ additional vertical columns to the left in tliese 
uiii, II. tables give the areas of cross sections in sijuare 
inches, of the different sited pins and rivets, which multiplied by 
lea give llicir weights in iKiunJa per yaril of length for wroujht-iron, 
(for steel add 2 per cent to the weight of wrought-iron). There are 
also full heavy curve lines giving the strength, ia tension, of tie-rods 
of same diameter as pins or rivets. The values selected for these 
curves are those alwu'ji used by the writer in calculating pins, rivets 
or lie-rods. 
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^alom. or la. v*£r7 bmscrtazu perauuiens 
PartfMiainMC^ '■^•^ BBo^ia?! >»kif :o lac Sow«r Tajsea.. Bos _ 

fnriL ^.ades die saijua •!aa be oaeii. for. a« aH of dk»e 
eartefl ant <ii7itr^ j 'irpemiKn^ ca ixue ansa or naa^:m area)« of 
seetiioa of the rrrec or pui. tLej <taa. 'jC (nvne. be ssed int 
abij. Ttuu Is, 2iir oce wno vi^ces :o &rzre cike lafe sikeariiie 

f "^^ for fttel &» = I3'>.-*> pcoaiii. injse&i of I •'<>•» p*»tt<^^, can take 

Um; corre marke*! "^ I5^»/ poazkiij — censioa fCeeL" in anr of the tluee 
tables. 

Or, if be wishes to fi^^rxre his iroo at ooIt 1'>»!) poands safe >iieaa 

for tenjicffi. that is / -^ 1 = I<»» poaii*ls, he wiH, instead of using 

the cnrrc marked ** 1 2»»> poands — tension wroosht-iron," take the 
cnrre marked ^ 1'XjH» ^jun*\5 — single shear steeL** 

The writer, however, always sticks to the one set of Taloes for ten- 
sion, and for pins and rivets to those given in tables (also after 
FormuU 115), as they are certainly safe values, and yet not low 
enoDgh to make the work excessively costly. Iron contractors will 
fref|uently quote off-hand opinions of celebrated engineers saying 
these values are much too low and thus backing up their economical 
tendencies in trying to add lightness (and beauty) to roof trusses and 
plate girders, but as a rule the opinions are either not authentic, or 
else it is found that the celebrated engineer, when delivering the 
opinion, had a similar axe to grind, as bad the contractor. Good 
engineers as well as good architects, will attempt to save their clients 
all thev can, hut hardlv at the ri>k of takinji^ chances in their most 
important constructive works. The figures along the tops of Tables 
XXXVIII to XL give the values of either iron or steel, according, 
of course, to which curve is used. 

The dotted curved lines in the Tables XXXVIII to XL give the 

safe bending-moments for iron and steel pins and 

Curve of Bend- civets, and for these the lower horizontal lines of 
ing-moment. ' 

figures are used. 

The use of the tables is simple, similar to the 

How to use other tables with curves. Thus if we have a|" steel 

Tablesa 

rivet bearing against a ^^" steel plate, we use Table 

XXXV and i)ass horizontally to the right from the vertical figure (or 



oiaineter marked) ^" till n 
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e the (fourUi) slaiitm)r full bearing 
line, marked j'j". TUU U one-tliird way between 
■"""■"'"""'■UievBrlieal lines marked (iciotc for sted) 1000 and 
the Host verlieal unmarked line to ihe riglit; as each vcrticul [pace 
at the bottom (steel) evidently is one-fourl]i of a lhous»nd or 250 
gioundd, a tliird space will, of coufbu, be 83 pounds, or a. f " st«el rivet 
bearing a^iost a ^," ctei^l plate will resist aafely 4083 ;)ounds. Had 
we calcalated arithmetically we should have had 

|. l',. 15000 = 4101 pounds. 

Bad the rivet and plate been of wroughl-iron we should have u.^ed 
the upper line of figures ; here the intersection is one-third way l<e- 
tweeu the second and third unmarked lines after 3000; as there are 
five spaces above lictween eiwh thousand, each apace evidently 
representa one-fifth of a lOOi) or 200 pounds for iron, so that the 
bearing value for a |" inin rivel against n ^'l" ''"''" p'lt* would be 
30004- 200 + J,200 = 32B7 pound*. Bj- calcnlalion we should 
have had |. ,'(. 12000=^3381 pounds. 

The single shearing value of a j" stvel rivet at^^J^lOOOO 

pounds would be := 30(17 pounds; for, the horiKoulal line |" In Table 
XXXVII I strikes the single shearing curve for steel 
Shaatlna about one-third way between vertical line marked at 

the lop 3000 and the next unmarked line to the right. 
Kacb spate evidently lepresenti 200 ]H)unds, so that we should have 
for the steel |" rivel in single shear 3(iOO-|- j. 20O = 30f;7 pounds. 
By arithmetical calculation we should Lave had the area of a J" circle 
multiplied by lOOOO pounds or 

0,8068. 10000 =;30ri8 pounds. 

The double shearing value of a {" rivtit would be double this, or 
= 6136 [wunds, and this is confirmed hy the Table (XXXVIII). as 
tlii> horizontal line J" strikes tlie double shearing curve for steel 
20000 pounds about two-thirds way betwceu vertical line marked 
abate 6000 and its next unmarked line to the right, or 

6000 -J- f. 2(10 = 1)13* pouuils. 

For tlie safe ben ding-moment we find the horizontal line j" strikes 
dotted curved line marked "safe Iwnding-moment on stnel at 1X000 
pounds " on tlie second vertical unmarked line to tlie left of the one 
marked al the boflom 500 ; each spoi'e below is evidently 20 pounds, 
and as they increase to the left we must add the two ^iiaues, or 
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50<j -|-40 = 540 poaiids, which wooU be the nfe bending-moment on 
a {" steel riret or pin. 

Or to illanrate further take the Ust EiampKe {Illy We had a 
■inilinc ^ *^^ plate and 1 steel riTet. The actual bend- 

moment Ounpia. ing-moment we found was 

-^— = ; =lbd.o 

8 8 

From Table XXXVIII we see that the safe bending-mooient on a 
1 " steel riret is the intersection of horizontal line 1 '' beins one-third 
wav between third and fourth rertical unmarked lines to the left of 

m 

170O = 1700 + SJ. 20 = 1767 pounds-inch. 

Dividing the actual bending-moment at the joint 16875 pounds- 
inch, bv the safe bending-moment on each riTet, will, of coarse, give 
the number of rirets required, or 

1^^ = 9,55 
1767 ' 

being the same result as before, namely, 10 rirets. Take Ezamqde 11^ 

we had the same riret, plate and strain, but there was but one corer- 

plate and the rivet was practically a cantilever. 

The bending-moment was 

-* - = ^ *- = 62500 pounds-inch. 

This divided by the safe bending-moment on each rivet (1767 
pounds-inch) as found in Table XXXVIII gives the number of riveta 
required, or 

= So,4 or same as before. 
ITG? 

The use of Tables for j>ins or tie-rods, is, of course, exactly similar 

to use for rivets, as already described. 

Bearing on pins. For instance, we have a 2" pin bearing against a 

] ^ inch thick eye-bar or head of a tie-rod. We use Table XXXVI, 

the 2 inch horizontal lino, strikes the full slanting line marked 1^ 

inch exactly on one of the vertical lines. If both pin and eye-bar 

are wrought-iron — (or if either were wrought-iron we should use the 

smaller value) — we use the top line of figure's, or we find our vertical 

line the third to the right of 24000 and as each space e^idently 

represents 1000 pounds, the safe bearing value of our 2 inch pin 

against a 1 J inch thick eye-bar would U* 27000 pounds, if one or both 

are of wrought-iron. Had both pin and eye-bar been of steel, we 

should have used the bottom line of figures, where each space 
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eriiienlly represeotg 1250 pounds, and we should have had 33TS0 

The safe shearing value for a 2 ineh nrought-imti 
pin, would be from Tabic XXX!X^:2600U pounds, 
and for steel 31670 pounils. 
By calculatioti wc should Lave had for iron:=J^133 pounds and 
for steel ^31416 pounds. 

I( WIS had n 2 incli circular lie-rod its strength in 
^""""^am. t^""'"' f''"'" Table XXXIX would be, if of wrought- 
iron := 3T600 poundsana if of sleet =47000 pounds. 
By ealculationwesbould havu had for iron =:3T7a2 pounds and for 
stcdr=47190 pounds. 
Pins are calculated similarly to rivets. Thu same formula can be 
used for bearing area (lO'J) k being the thiekneas of 
Onlculat^onof head of eyo bar, in inelies, and for single ahear (IIU) 
and double shear (111). 
For bending where there are but two eye-bars or rods, each pull- 
ing in opposite directions. Formula (113) could be used; using for 
h the thielinfss, in inches, of either rod i where Iheru ara two eye- 
bars or rods pulling in one direi'lion with only one between thein 
pulling in the opposite direction Formula (113) might be used ; A in 
this case being the thickness, in inches, of the largo (central) single 
rod, and twice the thiekne.'a of either of the smaller rods. In all of 
the formulm x aliould be^ 1. 

As a rule, however, there are several rods at each pin-connected 

joint, and the bending-inomcnl has to be carefully calculated for each 

special case. In designing pin-joinia this sbauld be borne in mind, 

and the pieces with largest strains brought as closely together, as 

possible, to avoid excessive bcDding-momunta, which 

^" Elnfc "'" '■^i"''''! ^'^y lat^e pins, and neeeaaitate large 

eyes and heads to tlie rods and bars, which means, 

of «>urse, *ery great expetisu; pin -connections for smitll trusses are 

more expensive than riveted joints ; for large trusses they are 

cheaptT. They are very much better in both cases, 

more easy to transport and erect, and agree much 

nearer with the theoretical calculation, which i 

members around a joint are free to move, ap 

caw in riveted trusses. Then, too, in case of any r 

llie truss, it can be readily adjusted by means of nuts, swivel-links, 
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«]eeTe-nut«, etc. This cannot be done in a riTeted tmss, as the 
joints not beinz flexible, the tightening of anr one part might throw 
ttraini on some joint not able to bear it. 




In calculating a pin-joint, the strength of pin. as a rule, should 
be calculat<*(l in the several lines or directions in which it is being 
strained, that is first along the line of one rod, then along the line 

of another rotl («»r compression piece) and so on. In 
reduced to doing this all the othirr strains must be projecte<l (and 
same line. reduced) to the same line. If this is correctly done, 
it will Ik* found in every case, that the sum of all the strains acting 
in one direction alon'» this line will be equal to the sum of all act- 
in'jf in the opy>osile dinvtion alonj the line. Thus in Figure 177 we 
have the end elevation of a jun A strained by three forces in tension 
y>*, C and /> and one force in compression E. 

We will first examine the i>iti along the line .4 C. Make, at any 
<'onvenient scale, the lines A (\ A D, A D and -t E^ each in length 
just cjjual to the anu^unt of strain they are subjecte<l to. Project 
them all on to .1 ('. then will .1 h represent the resultant or equiva- 
lent of strain A B along the line and in the direction ^4 C. 
Similarly A d will l)e the resultant of A D along the line of A C, 
but it will be in the opposite direction; <: .1 will be the resultant of 
E A alon«4 the line A Cj but it will be noticed that though on the 
opjMjsite sine of the }>in it is in the same direction as A C. 
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Were we to examine the pin along the line A D, we should have 
the strain of ^ D in one direction and in the opposite directions the 
resultant strains A c, and .4 ^,. It will be noticed that E A has no 
resultant along the line A 1>, being normal to it ; and it need not be 
considered, when calculating the pin along the line A D, We might 
still calculate the pin along the line A E ; we should then have the 
strain E A in one direction and in addition thereto the resultant of 
A C ; in the opposite direction we should have the resultant of A B, 
The largest strain A D has no resultant along the line A E. It is 
evident, however, that all of these resultants will be very small as 
compared to those along the other lines, and therefore need not be 
calculated. 

In Figure 178 we have a plan of the pin, showing in plan the 
strains and resultants actinor alons the line A C, As arranged in 

this figure the pin evidently becomes a double-ended 
^'oMJeadsT* cantilever, supported at the fulcrum «/, and loaded 

on one free end with the load c and on the other free 
end with two loads h and e. 

If the strains were small, this would probably be the most econom- 
ical arrangement, as A D could then be made in one piece. But if 
the strains were heavy it would require a tremendous pin. 

In the latter case the arrangement shown in Figure 179 would be 
better. Here the pin becomes a beam, supported at both ends by - 

(or one-half of the force A D) ; the beam carries three loads c, e and 
h. In this case A D would be made up of two rods, separated. 
The forces c, e and h must be so distributed as to make the least 
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bending-moment on the beam or pin, that is, the larger ones placed 
nearer the supports or outer edges, and the smaller ones in the 
centre. Frequently it would be more economical to divide c the 



86 SAFE BUILDING. 

larger force into two halves and place them immediateljr next to 
-. The small force e is frequentlv pat on the outside, as it is not 
sufficient to affect the beam or pin seriouslj and only enlarges the 
span of beam, that is, length of pin or distance between supports ~ 

thus greatly increasing the bending-moment. This arrangement is 
shown in Figure 180. Here we have a beam supported at two points 

- with a free end carrying load e; the beam being loaded with three 

loads, two each = and one = h. 

To calculate the bending-moment at any point of this pin we have 
^ to consider the end of pin farthest from e as built in 
symmetrical solidly (and after getting reactions) we should multi- 
Strains, pj^^. j^ji ^jj^ forces to the right or left of the point 

into their distances from the point. If we select the forces on the 
right we deduct the sum of the moments of those (right hand forces) 
acting in one direction from the sum of the moments of those (right 
hand forces) acting in the opposite direction, the difference will be 
the bonding-moment at the point. To check the calculation we take 
all the forces on the left side of the point. But the reactions will 

not be each as shown in the table unless € were divided and one- 
half put at each end of pin. 

In every case of pin calculation^ excepting where the forces form 

simple beams, as in Fijjure 179, the forces are sup- 
Forces act I » o » r 

through Cen- posed to act through their central axes, that is 

tra xes. through a line drawn at half the thickness of their 

heads and at right angles to the pin. The heads are frequently 

thickened up, that is, made thicker 
than the rod or flat bar, in order 

y-^ to get the necessary bearing sur- 

. face on the pin, but it will be readily 

seen that tliis lengthens the pin 
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■v-^ greatly, thus lar*;ely increasing the 
benilinix-niomcnts. It is better, as 
a rule, to get the extra bearing 
riG 1 80- surface bv dividing the rod or flat 
bar into two or more parts and then distributing them along the 
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pin symmetrically and at the most favorable points to avoid bending- 
moment. 

If the pin is arranged as shown in Figure 180 and 
arranKad Un- we call the di£Ferent lengths along the pin, as shown, 
•ymmatricaily. ^_ ;_ ^„j ^ ^■^^^ reaction nearest e wiU be 

F+iT 

and the further reaction will be 

-c + b l„ 

2 /, 

In practice, however, e would probably be so small and the con- 
venience so great in making the two bars ~ alike, that the unequal 

stresses caused by e in the two would probably be overlooked. 

But in calculating the bending-moment on pin, they will have to be 

considered as unequal, otherwise, 
the bending- moments calculated 
from the right hand or left hand 
of any point would not agree. 
To put the above in formulae we 
) should have the following : 

If a pin p q is strained by a 
number of forces a:,, x,„ etc., in 
one direction, the forces p and q 
in the opposite direction will equal 
the reactions of a beam, see 
FIG. 181 . Formulae (14, 15, 16 and 17). 

If a single force y is placed beyond one of these resisting forces 

(sav q Figure 181) the additional reaction on the nearer force (q) 
will be 
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Nearer Reaction „ — i ^ ., 
Force. Vi — T ^ y 

and on the further force 

Further „ — _ ^" „ 

Reaction Force. "< — /"* " 

or, we must add qt to q and substract />, from p to get the real strains 

or reactions in the tie-rods p and q. 

Wliere q^ = the strain, in pounds to be added to nearer strain g 
owing to force y being placed on the (q) nearer free end of pin. 
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^V^le^e />, ^ the strain^ in pounds, to be deducted from farther 
strain p owing to force y being placed on the other further free end 
of pin. 

Whore 7 = the fortH^ (reaction) at </. in pound?, resisting the 
forces X,, x,., etc., (see Formulap 14, 15, lo and 17) and to which q^ 
must Ih) added. 

Whore /> = the foroe (roaction) at />, in pounds, resisting the 
fon*os X,, x„, etc., (see Formulsp 14, 15. 16 and 17) and from which 
/», must Ih* doductod. 

Whon.» X., X., = the forces, in pounds, acting in opposite direction 

to p and 4/, and all pn^joccoil to lino p and 7 as shown in Figure 177. 

Whort* .', i\, 4.,, = iho rt*spov*tive lengths, or distances, in inches, 

moasuroil along pin, frv-^m c*n'rf .*i*'ic\« to cfn!rf lines of respectiTe 

pins, as shown in Fipirv 1>I. 

As the forvvs x., x . 0:0., should 'I'^oiy*, if possible, be located 
alon^ pin to make the rv'sistin^ fon-os p and 7 OTon. which is done 
by putting; I ho sm.Allost forvv (r ) in tho middle and dividing the 
others, wo shvUiM havo, •.-'••> •'.'.< j> :\^ ivts^: 
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Further „ S . X 

••action FofC«. -* 
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Wl.orv* S v--tl:o .<••■; vf all :ho 07* posing forces (x..x.., x,„, 
oto.."^ to ,i".vl lv;wix'n : ar.vl ;. in Tv^uai"*, vT\>v:ded that thev are 
d^^i/:\^i .ir. I :ho V.a'.x^s ,r tra^'iions Uvatcvi svmmotrioallv with 

m m 

Wlurx'. tV.o . " ro<:<::n' tVrvv .ro,w::on\ in pounds, or 

Whx!v ; r.xo total resist i:^.: tV-^.x^ rxacTij-r."^. in pounds, or 
strA'.r. V "^ \ '.hi' r\-.u":iv:: ux: :v^:rxv or..;. 

W*,o'V.\ \ .A'*.; J v.*:v.o as ;:; F.'rr.i:i",r y^IIr and 117^; of 
ivurM\ a'.'. il\o tVT\\> :iv.;>: \v vr\^*^v:i\i :o o::e lino as shown in 

F\C»iTX* • • '. 

It o*\o ot the tVrwsx : . . ctv .. worv 1= . A:ii wt'T>? rlaced to the 
*,oJ; ot . v^^^C'iiv '.>*.'' :ho tV*ws Av. * . w.^.„; iv i':::il and each :^ 
v>:^0'Va*: ot tho sun; .^: aII ',*.n- . '/.n- . *. :w •* - : r»vx<^ rro^i iod alwars 
that sho torvv?i : » : . itv- » av >^'vn'.;.:-..'A!*v " va:-.-; :2 resr^fot to p 
a»4 ,;. Whorv' ilu'rv^ av ,; '•..:::. v /: *.— .v^v -. ...:h sit^s of pin, 
lh« pin mi^ht U* irvsAtov; a* a vVv.:,s :;,>.;< ji.r/.tr .x-* Tacve XVI L 
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Volume I), but the calculation would become very difficult and the 
parts of all rods (or compression piece) acting in the same lines and 
direction would become very irregular. 

It is customary, therefore, to locate the forces along the pin sym- 
metrically, regardless of their true resistances as 
SynlTme^rll^My ^^^^ would be if treated as continuous girders, and 

to consider, that each takes its proportionate load 
(according to the thickness of its head) of the whole load along itS' 
respective line and direction. In each case it will require special 
study to obtain the most economical arrangement. 

An example will more fully illustrate the method of calculating 
pins. 

Example IV, 

The joint A of a pin-connected irrought-iron truss 
Calculation of i^ strained hy the following metn})ers: The tie-rod 

/? = — 28000 pounds: the tic-rod C = — 70000 
pounds; the strut /-) = -}- 20000 pounds; and the tic-rod E = — 
88000 /^otim/^f. All as shown in Figure 182; design the joint. 

We will assume that for certain reasons we wish to use a 2 J" 
diameter pin. Now the first thing to do is to settle the thickness of 
the (eye) heads. These, of course, must have sufficient bearing 
against pins not to crush the pin or be crushed by it. We use there- 
fore the following formula : 

, s 

Thickness of * = — ; — v- /i e%n\ 

H..d.. ,,.(-£.) ('20) 

, Where t = the necessary thickness of eye-bar head, in inches. 
Where s = the strain on each eye-bar, in pounds. 
Where d=z the diameter of pin, in inches. 

Where (-v.) =the safe-compression stress, per square inch, of 

the material of eye-bar or pin (whichever is the weaker in resisting 
crushing should be used.) 

Accordingly we should have for thickness of the different eye-bar 
heads in our example the following : 

AB= ~-^. = 0,85 or say f 
2|. 12000 ' ^ * 

^C=-i^^-^=2,12orsay2" 
23.12000 ' ^ 
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AE= ,— - =2.'?:c«r 
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The Taltie; for abore thkrkDc-sse* bare been rmtber too broadlr 
rounded o£f. bat thif is done lo fimplifr the sabaeqnent cilcalatioiis. 
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Had we used Table XXXVI we should have had the same resultB. 
For A I J (2S0<»0 j)ounds) the horizontal line 2 J" and 

Table XXXVI. 



Thickness by vertical line 2><')(m) (from above for iron) meet be- 



tween the heavy bearinj; lines \\" and |'', for con- 
venience, however, we will call it J" though this should not, of course, 
be (lone in a real calculation. 

Yov A (■ (70n(M) pounds) horizontal line 23" and vertical line 
700U0 from al>ove (the second to the right of 68000) meet just be- 
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yond the 2" heavy bearing line. It should be, therefore, a little over 
2" thick, but we will call it even 2". 

For D A (20000 pounds) the horizontal line 2}" and vertical line 
20000 from above, meet between heavy bearing lines ^^" and |"j we 
will call it f . 

To find A E (88000 pounds) which is larger than A C, we shall 
evidently have to divide it in halves, and, of course, double the 
result. We find that horizontal line 2}" and vertical line 44000 
from above, meet between the heavy bearincr lines 1^^" and IJ", or 
we will say IJ"; this doubled or 2 J" is the required thickness there- 
fore, for head A E. 

Of course, if we use more tlian one bar for either of the strains we 
will divide the required thickness of head accordingly. Thus, if 
we decide to use two bars along the line A C, each would be strained 

= ' = 35000 pounds, and the thickness of head required for 

2 12 
each would be only =r - '- - = 1,06 or say 1". 

Now to arrange the different heads along the pin, we first lay off 

along each line (Figure 182) the amount of strain 

of Headsalons (measuring all at the same scale) and project these 

^'"' strains on to the different lines. We measure 

these projections and have along the line .1 B the strain A B^= 28000 

pounds pulling to the right; the projection of A C= 34500 pounds 

E -75500 
D-8500 



E- 



73500. 



D-JMOOO 

FIG. 103 
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C - 70000 



also pulling to the right; also the projection of /) /I = 11000 pounds 
pushing to the right ; the projection of .1 E = 73500 pounds pulling 
to the left, thus opposing tlie other three.^ 

If our measurements are ri^^ht the sum of the forces actins in one 



> These fignrei have been rounded off to simplify the calculations. 
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direction along line A B, must equal the sum of their opponenta, or, 
AB-\-AC+DA = AEwiidwe have in effect, 

28000 + 34500 -|- 1 1000 = 73500 

The strains on the pin along line A B are shown in Figuro 188. 
Those along line ^ C are shown in Figure 184 and those along A E 
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B«&4'000 ^^- ^®^ ^ 

C-3AOOO. 

are shown in Figure 185 ; it will be noticed that in the latter case 
D A becomes = 0. In Figure 186 are shown the strains along D A^ 
in this case A E becomes = O. 

As the largest strain in one direction (88000 pounds) is along line 

^ -B, we will select Figure 185 to design the joint 

largest Strain and when we have settled the arrangement of heads 

' along the pin to suit these strains, we will see how it 

affects the pin according to the strains along the other lines. 

The simplest arrangement of the parts would be evidently that 
shown in Figure 185. We will first consider the shearing. The 
larjrest phearinjr strain will be between C and E and will be = 64000 
]K)unds. From Table XL we find for wrought-iron, single shear (at 
8000 pounds per square inch) that we should need a 3^^" diameter 
pin to resist C4000 }>ounds single shear (as each of tlic vertical 
spaces at the top evidently represent 10000 pounds), we must pass 
down vertically not quite half-way Initweeu the second and third 
lines to the right of 50000, till we strike the single shear iron curve 

and then pass along the horizontal line to the left to 
Shearing strain find diameter of pin, which is between 3^" and 3 J" 

or say 3^^g". Had we calculated arithmetically we 
should have had, area of cross-section recjuired from Formula (7) 
transposed 

a = - - - == 8 square mches. 
By referring to a table of areas of circles, or by calculation we find 
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that for an area of crosjv-section of 8 !M|uare inclivs we rc<|uire a 
diameter of 3j*u". Tliis is a larji^jer pin than we want to use and 
besides seems a very large pin for the strains; it is evident, there- 
fore, that our heads are ba«lly arranged along the pin ; we will 
deeide, therefore, to divide the rods E and C eaeh in two ]>arts, 
making ea<*hhead one-half the thiekness as above found, and arrange 
them as shown in Figure 187. 
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Now the safe cross-shearing on our pin (2J") for single-shear 
would be from Table XXXIX = 47000 jwunds, we 

^TawlTxxxiX. I"*"^^ "*''"S liorizontal line 2J" till we strike ircm 

single-shear curve and then j)ass upward alM)ut four- 
fifths way l)ctween the thinl and fourth vertical lines to the right of 
•lOoOO: as each space is evidently 2000 pounds, we should have 
40000 -|- yt-2000 = 4 7600 ])onnds. I?y calculation we should have 
had area of 2j" circle = 5,939 scpiare inches, therefore safe (single) 
cross-shearing s«*e Formula (7) =r>,!>3J).8000=:4 75r2 jwmnds. The 
greatest cross-shearing strain on the pin with arrangement as shown 
in Fijrurc 187 is 4 1000 )M)unds, and is l)etwe<'n the heads J'J and C 
(or ii', and ^\), so that we need not fear shearing. 

The shearing area of pin being all right we now consider the bend- 
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ing-moment. We hare marked along the pin, Figure 187, the 

thicknesses of heads, the length of pin required 

nromenronpln.^''^o ^i '» ^^ ^^*^ ™"^^ ^® added the hea<l and nut 

and also sufficient for strut D (|") which we reraem- 
her did not come into the calculation along line A E (Figure 182.) 

Immediately under the pin, Figure 187, we have marked the 
distances from centre to centre of heads, which are, of course, the 
distances we consider when calculating the bending-moment. 
Accordingly our pin becomes a circular wrought-iron beam of 2J" 
diameter, with a span or length of 4^'' and supported at both ends 
by forces E and E^, The beam is loaded with the forces C, C, and 
B as shown in Figure 187. 

The greatest bending-moment will be at the centre (See p. 51, 
Vol. I), and will be 

mB = 44000. (l^\-[-}) — 82000. J — 24000.0 
= 90750 — 28000 — 
=: 62750 poundfriach. 
This will be much more than the pin can stand for we havCi for 
the safe bending-moment on a 2}'' pin, moment of resistance 
r = H.(li)«= 2,042 
(Table I, Section No. 7) and from Formula (18) transposed, the 
safe bending-moment on pin 
m = 2,042 .15000 
= 30630 pounds-inch 
or, only about one-half of the actual bending-moment. Had we used 

Table XXXIX instead of calculatinj? arithmetically 
moment from we should have passed along tlie horizontal line 2}" 
Table XXXIX. till we struck the dotted l)ending-moment curve for 
wrought-iron at 15000 pounds and then passed vertically to the 
bottom. This would be almut two-fifths way between the vertical 
lines 80000 and the first one to its right, each space being evidently 
1500 pounds, this would mean 30600 pounds-inch safe bending- 
inoment on a 2j" pin. 

It is evident, thurefore, tliat we must re-arrange the rods, trying 
U) get the span between loads E and E^ shorter if possible. 

Try new ^^^' ^^"^ ^^^ ^^'^' *'^ Orangemen t shown in Figure 

arrangement. 188, placing load B at one end. The arm end B of 
pin now becomes a leviT and we know from Formulae (118 and 119) 
tlmt the reactionary forces E and E^ can no longer be equal. 
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From Formula (118) we huxo 

K = 32000J-3^000 _^ Aj, g^,,^^ 

- 3 J 

= GSoo.'i 

From Formula (119) we have 

^^^ 3200Q+ _32000_1A .^^^^Q 

= 24445 
As a check tlie sum of tlie two sliouUl equal the whole strain A E 
and we have in effect C3555 -|- 24445 = SSOOO. 

This arranjjement must evidentlv l>e abandoned as a had one, for 
the difference in the strains on E and £^, is altogether too great to 
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be overlooked. Besides, we can readily sec that the moments at E 
anri C, will exceed 24504 pounds-inch, the safe bending-moment on 
this sized pin. 

For practice, however, we will figure out the bending-moments ; 
thev are : at E 
(left side) w. = 24000. 1 iV — 63555.0 

== 25500 pounds-inch. 
Check (use right side) 

7/1^ = 32000. 2^8j + 32000. 1 ^ — 24445.3 J 
= 25500 
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At C we should have : ' 

(Leftside) mc= 63555. 1 ^ — 24000. 2 J 

= 21472 
Check (use right side) 

m4:= 24445. 2i«j —32000. 1 

= 21472 
At C^ we should have : 
(left side) wic, = 63555. 2^^ — 24000. 8 J — 32000. 1 

= 29027 
Check (use right side) 

jWc,= 24445. 1 jV — 32000. 

= 29027 

Had we used rule given on p. 51, Vol. T, we should have known 
that the greatest bc*nding-moment was at C.. In applying the rule 
to this case the end load B .should be deducted from the nearer 
reaction to B. 

We niiprht next trv dividinj' the force B in two halves of 12000 
pounds each, (heads f thick), leaving one at B and placing the 
other to tlie right of E^, This will restore e*juality to the forces E 
and ii„ but it will be found that even this arrangement will not do, 
as the bending-momcnt at C or C, will still be found to be too large, 
namely, = 27500 i)oumis-inch. 

After these numerous fiiilures it is evi<lent that we cannot well 
arrange the heads satisfactorily along the pin, unless 

Divide **''*J^^*^^ we enlarjrc the pin, or else divide up the larger 

forces whicli cause us most trouble. We decide to 

do tlie latter and divide A K into four parts of 220u0 pounds each, 

with heads each "' ' = thick. 

4 10 

AVe now arranj^c the heads as shown in Fi;;ure ISO. The correct 

way to calculate the ])en(ling-inonicnt would, of course, be to consider 

the j>in as a continuous girder running over four sup|M>rts. This 

would make /s, and 2i,, iniH'h larger than E and 2i,„. Their heads 

wouM therefore have to be thickened so as not to crush the pin, or 

be crushed ]»v it. It can readilv be seen that were 
Forces will 
equalize them- we to do this, the calculation would be almost inter- 

se ves. mi,jjj|,i^.^ Besides, practically, it would be expensive 
to use so many dilTerent sizes of rods, heads, etc. We must, there- 
fore, assume that all the forces E^ E^, 2i„ and ^,„ are e(pial. This 
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they will be, too, for as soon as E^ and E^^ tend to take more load, 
they will stretch under the added tension, and this stretching will 
bring the pin to bear more heavily on the ends and thus the strains 
will even tliemsclves up. 

The bearing of these heads against the pin we know are all right, 
also the shearing, as the greatest shearing under this arrangement 
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will be a single shear, between E and C (or E„^ and C,) and equal 
22000 pounds, or considerably less than half the safe single shearing 
on tills pin, which we previously found to be 48000 pounds. 

The bending-moments on the pin will now be, at C: 
(Left side) 

trie = 22000.}^ — 82000.0 
=r 18563 pounds-inch. 
Check (use right side) 

TOc = 22000. ( gl + 73 4 -127 \ _ 24000. jj — 32000.1j/yi 

= 18563 pounds-inch. 
Aw £, we should have : 
(Left side) 

m,. = 22000.f4 — 32000.}^ 

= 10125 pounds-inch. 
Check (use right side) 



46+100 \ 
32 / 
= 10125 pounds-inch. 



TO,, = 22000. ^15-±i^) — 24000. jj — 32000. J| 
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At B we should have : 
(Either side) 



m. = 22000. ( ^^jl^^ ) — 32000.f^ 

= 18750 pounds-inch. 
At the ends, of coursei there would be no bending-moment, for 
take end E we should have : 

m. = 22000. ( L^Ml JOO + 54 ^ _ g^^oo. ( ^1^^ ) _ 24000.^ 

= 
This arrangement (Figure 189) is therefore satisfactory, so far at 
least as tlie strains along the line A E are concerned. 

We must now see if it will answer as well for the strains along 
the other lines (See Figure 182). The direction we 

■xamlne along gj^j^ij jjq^ have to fear most, will be alonz the line 
other lines. , , , , 

D A for force D must be placed entirely on the out- 
side edge of pin (not having been located yet) and being quite large, 
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20000 pounds, may make us some trouble. In Figure 190 we have 
drawn the forces arranged the same as we settled on last (in Figure 
189) but have added the two forces on the extreme ends D and D^ 

each = — / =10000 pounds. It will ])e noticed that along this 

line {DA Figure 182) the forces E and Care in the same direction. 
AVe have divided I) into two parts for two reasons. Had we placed 
it entirely to one side, say to the right of ii,„, the distance ^,„ Z), 
would have been onc-<juarter of |" larger or = JJ" ; the leverage of 
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27 -4- 21 
Z>, therefore at C, would have been — JL — = i j" and the bending- 

moment 

mc,= lj. 20000 

= 30000 pounds-inch, too much for our pin. 
Besides were we to calculate C and C, by Formulae (118 and 119) 
we should find all strain on C removed and C, more than doubled. 
This evidently would not do, without si>ecial provision to meet the 
unequal strain by increasing C„ which would lengthen the pin, so 
that we prefer to divide D A, making each head of half the thick- 
ness, or ^" thick. The largest shearing will be between D and C 
(or 7), and C,) and equal 10000 pounds single cross-shear or about 
^ only of tlie safe resistance to shearing. 

The bonding-moments will be (Figure 190) at C 
(Left side) 

wic = J|. 10000 — 18000.0 
= 13437 pounds-inch. 
Check (right side). 

= 13437 pounds-inch, 
and at B 
(Either side) 

inB = f}.10000— JJ.18000 

= 9375 pounds-inch. 

The bearings, of course, are safe, as the thickness of head was origi- 

E.ia373 E.- tears E..i537a C-IW73 °^b' determined 

by the largest 
strain on each 
rod along its own 
line. So that we 
are all right with 
our pin for strains 
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.riG. 191. "We now take 

up the strains on the pin along the line A B, Figure 182. which will 
be as shown in Figure 191. 

The greatest shearing-strain here will be caused by 2?, and will be 
a double shear of 28000 pounds, or 14000 pounds on each area, 
perfectly safe on our size of pin (2}"). The moments will be : 
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AtE 

(Left side) 

m, = J.5500— 18375.0 
= 2750 pounds-inch. 
Check (right side) 

m, = 5500.J^ + 1 7250. { ^I-:ti£I^ -|- 28000.J| — 

18375. (^l±l||+l£l) 

= 2750 pounds-inch. 
At C: 

(Left side) 

mc= 18375.}} — 5500.f| 

r=8113 pounds-inch. 

Check (right side) 

mc = 18375.(?I±-^+iH)— 5500.^^—17250.1^ — 

28000.f| 

= 8113 pounds-inch. 
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At ^,: 
(Left side) 

m„, = 18375. j J — 5500. J^ — 1 7250.} J 
= 4422 pounds-inch. 
Check (right side) 

,. = 18375.('yy"_i^^_. 28000.}} — 17250.J4 — 5500.V^ 
= 4422 pounds-inch. 



m, 
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At J5: 
(Either side) 

jh, = I8375Y— +— ) — 17250.}4 — 5500.ff 

:= 14484 pounds-inch. 
So that the arrangement of heads along pin is all right so far as 
strains along line A B (Figure 182) are concerned. 

We finally examine for the strains along line A C and have strains 
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on the pin accordingly as shown in Figure 192. The greatest shear- 
ing here will be between E and C (or C^ and jB,„) and will be 

= 4250+18875 = 28125 pounds, 
single shear, still, less than one-half of the safe single-shear on the 
pin. 

By calculation the moments will be found to be at the different 
points, as follows : 

ffii^ 2125 pounds-inch, 
flic ^ 21637 pounds-inch. 
m^f=. 11617 pounds-inch. 
m, = 16648 pound84nch. 
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So that this arran<^ment of the different bars and strut along the 
pin is in every way satisfactory. 

The graphical method of obtaining bending- 
method more moments is frequently much more simple than the 
• »wp •• arithmetical method ; in important calculations both 
should be used so as to check each other. 

All the rules for formulae given in Chapter VII for tlie calculation 
of transverse strains by the graphical method will apply equally well 
for pins ; the only difference will be that where there are more than 
two forces on each side of the pin, the base line of the polygonal 
figure between reactions/? and q will no longer be straight, but will 
be composed of several lines. 

Thus, if we take the pin and forces shown in Figure 189, we 
should change the notation to that adopted for the graphical method, 
which would be as shown in Figure 1D3. That is force E (22000 
pounds) of Figure 189 would be known as ^ J? in Figure 198 ; again 
force C, (32000 pounds) of Figure 189 would be called force E F 
(not FE) in Figure 193. 

Example solved Proceeding now to tlie calculation, we lay off along 
Kraphicaily. ^^le vertical load line a «, the following forces : 

ab=zA B=z 22000 pounds. 

bc = n C = 22000 j>oiinds. 

c d=C 1) = 22000 pounds. 

d e = DE= 22000 pounds, 
and in the opposite direction, we lay off : 

ef=zE F=S2000 pounds. 

fg = FG = 24000 pounds. 

(ja=G Az=i 32000 pounds, 
which will, of course, bring us back to tbe starting point a, as the 
opposing forces must aggregate the same sum. 

We now select our ix)le o. This we remember can be arbitrarily 

located, or else at a distance tt c^l . j; in our case we will make 

the distance, say, 12000 iK)unds. 

The distance (of pole from load line) being arbitrary we shall 

niultii)ly the verticals v (inch-scale) in Fijnire 193, 
Pole distance. , , f -^ , ,. , , ,\ f . i 

by this pole distance (pounds-scale) to obtain the 

bending-momcnts at the j)oints of pin immediately below verticals. 
If the pole distance from loa<l line had been made z=(^\ then the 
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length of vertii^iils v measured at incIi-siMiti.' would hare been ihe 
required momenta at resistance of tlie coirespondiDg points of pin 
below verticaJs ; and each reipeetive v miiltiiilied ''?{-?) would b« 

iho bendiDg-momt^tit at each point. We will, however, make in our 
ca,"e Ihe polo dialanee, arbitrary, uii; c 0^12000 pounds. We now 
begin at any point of line A B and draw A I parallel h o till it inter- 
seetsBCat/; nesl draw f L parallel c o to intersec- 
tion with C D ML; and similarly draw L E parallel 
./.>; £ A' parallel e ; AV parallel o/; J// parallel 03 and ff .4 
paniUcl o a ; the last line must intersect the first at point of itarting 
A or some error has been made. * 

It will bo notic-ed that the in Jividiud outlines o! A I L E KJHA 
cover the capital letters in Figure 1 93, uorrcsponding to small letters 
from which tlieir reepeftiva parallel lines started in atrain digram. 
Thus, for instance A I covers letter B and ia parallel Who; 
similarly / L covers C and is parallel to c u ; LE covers D and is 
parallel do; A' J' covers F and is parallel of; J II covers G and 
is parallel 017; similarly we can consider £ fas covering £ and it 
is parallel oe ; and H A at covering A ai)d it is pai'ttllel a. 

e the verticals through tlie figure AIL E KJHA, 
le longest, of course, will give the greatest bending- 
.oment. This happens to be the central o 
mcasiirvs Ij',", therefore 

m, = l,",.iaOOO = ]8750 
which eorresfitinds to m, of Figure 189.. 
Similarly we should have : 

m, (formorly m„)=U.I2000 = 10125 pounds-inch, 
in,, (formerly ™„) = 1^^,12000 = ISQUS ]iound»-inch. 
Hml we analyzed the strains on pin as shown in Fij 
graphically, our verticals would hjtvo measured, 
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The correspon(fing bending-moments would have been : 

tktE: 

m^ = 3«j. 12000 = 2250 pounds-inch. 



at C: 
at E, : 

AtB: 



mo = 1|J.12000 = 21750 pounds-inch, 
wig, = fj.l 2000 =11625 pounds-inch. 



m, = 1 J.12000 = 16500 pounds-inch, 
which are very close to the correct moments, which we found arith- 
metically to be : 

TTig = 2250 pounds-inch ; mc = 21637 pounds-inch ; 

mB,= 11617 pounds-inch; and me = 16648 pounds-inch. 

The simplest method of calculating pins, as a rule, will be — after 

calculating (or ascertaining from Tables) the safe bearing and shear-. 

Simplest ^^o stresses of the pin, — to calculate the actual 

method use moment of resistance of the pin, see Table I, Section 

moments of ^^' ^> fourth column. Now proceed graphically, 

resistance, being sure to make the pole distance in every case 

equal to the safe modulus of rupture ( -^ ) of the material of pin. 

After this it will only be necessary to see that none of the verticals 
through the different polygonal figures (corresponding to A I LEK 
J H A of Figure 193) — that none of these verticals measure at inch- 
scale more then the actual moment of resistance of the pin. If this 
is done the calculation and selection of the best arrangement Incomes 
very simple and easy. After the final and l)est arrangement has 
been determined on, it would be well to calculate arithmetically the 
moments as per this final arrangement, thus checking the graphical 
solution. 

The writer has frequently been told by contractors that owing to 
Contractors ^^^^ friction due to the j)ressure of the nut and head, 

claim of no that it was impossible for any bending-monient to 
moment take place on a pin. As well it mi^^ht be claimed 
ridiculous* that owing to the pressure of the walls, there is no 
bending-moment on a built-in beam. The safe modulus of rupture 
of a built-in beam can be assumed higher same as we do for pins, 
but the beam will break across if tfx) heavily strained and so will tlie 
pin. Besides it must be remembered that the heads of eye-bars 
necessarily cannot fit the pins perfectly ; and even if the argument 
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were correct, (which it is not,) that friction offsets the bending- 
moment, the least rusting of tlie joints would diminish the pressure 
between nut and head, thus destroying its value. 

Again, contractors will admit that there exist bending-momcnts on 
pins, but will deny it in the case of rivets, though the cases are pre- 
cisely analogous; this latter argument though, if sifted, will 
generally lead the contractor to admit that its real basis is the large 
number of rivets it frequently retjuires ; and tlic less rivets he can 
get along with, the happier will your contractor be. 
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WHEN* it becomes neces- 
sani' to cover Boors or 
spaces of such Urge 
spmn. or to carr}' loads so 
hearv, that rolled-beams will 
not answer the purpose, 
girders are made up of plates 
and angles riveted together, 
and are known according to 
FIG. 195 t^^*r section as ** riveted plate 
giniers *' with single webs 
(Figure 104), ** or riveted box girders" with two or more webs 
(Figure 195). As a rule, too, riveted girders of equal strength can 
be more cheaply manuf;ietured than the heavier Si-ctions of rolled 
beaniri. 

In the case of the former the vertical plate or web has two angle irons 

riveted horizontally along its entire top eilge and the 

Single ^•^^^^ same along its l>ottom etlixe. or four in all. In very 

light construction the free lens of the angles misht 
answer for the top and bottom tlanires, but, as a rule, a plate is 
riveted to these free leus, at right angles to the web, both top and 
bottom, thus forming the flanges of the girder. This plate need not 
necessarily extend the entire length, but it usually does. Where the 
thickness of flanges ret|uircd is very gri'at, say one inch or more, 
each flange is made up of two or more thicknesses or layers of plates. 
In such cases only the layer nearest to the web is carried the 
entire length, the other layers gradually decreasing from the jwint 
of greatest beuding-moment (usually the centre) towards the ends. 
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To carry all the layers to Ibe eails in heavy work would be a great 
extr&vaganee, the only advantagti gaJoeil being a slight iacrunse in 
HtiffnesE, whieh c»d be very muetj more readily and econumkally 
gained by Increaeing the drplh of neb- 
In double web box girders on^ two angles are atUebed to each 
web, one at the top and one at the bottom, both ou 
■oi Birdorfc ,jjg o,„sid„ surface of t--aeh web. To place angles on 
the inside surface is impracticable, as webs would have to be placeil 
sufficiently far apart tor tlic " holder-up " lo crawi in, and the rivet- 
ing would not only be weak, having to be done by hand, but it 
would weaken tlie flange by just so many additional rivet boles. In 
short girders with heavy loads, where sheuriug is the main danger, 
box girders with three webs are sometimes made ; in that case the 
middle web has the usual four angles, but the two outsida webs only 

Beyond llie additional etifCaess sideways, in resisting lul«ral 
Bexure, there is no particular advantage in using a box girder. It 
is more clumsy to handle and lo make, and not readily painted on 
all exposed surface?, and beBi<le5 ii more extravagant of material in 
proportion to its atreogtli. Where the flange is of great breadth 
and it becomes desirable to have two or more webs, the wrilcr 
always prefers to use two or more single web plate girders, and to 
secure theiu together with bolts and separators, or by latticing the 
lop and bottom llanges, together. 

Tlio angles need not necessarily be even-legged ; nor need the 
web necessarily be of same depth throughout, nor of same thickness 
throughout- 1 1 wilt, however, greatly sioiplify the calculation to keep 
the web uniform throughout, and in most eases the extra labor 
involved in varying the tltickoess of web, would more than offset the 
cost of the unacceHiary raalerial at the centre. 

Where girders are very deep, the web is made in seclions or 
panels, as already explained, in aueh cases the web can readily 
and economically be ihitfctned towards the ends. 

Whenever possible, the girder should be cambered up at the 
centre an amount eqiial to the calculated dellcctlun, 
Cannoorlnj^^ But gg girders are usually made of straight plates, 
anil machine riveted and punched, the cambering is 
rarely practicable. Should the girder, however, show any bending 
or caiuLiering In transpurtation, the architect should be sum to have 
tlie eatnbered side placed on tup. 
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The calculation of riveted (jrirders is exactly the same as for iron 
beams, but has the additional element of the number and location of 
rivets to be looked into, also the stiffness of web and overhang 
of flanges. 

The reactions, vertical shearing, bending-moments, actual and 
retjuired moments of resistance, deflections, etc., can be calculated 
arithmetically by the rules given in Chapters I and VI ; or graphi- 
cally by the rules given in Chapter VII. 

The rules for calculating riveted work were given in the previous 
chapter (IX). 

The only new matter is to find what the strain on the rivets will 

W. It will be readily seen that when a plate girder 

**f?anBe*8train. ^* loa<led the tendency of the flanges and angle 

irons is to slide horizontally past the web (see 
Figures 120 to 125). 

This tendency to slide is called the horizontal flange strain. The 
rivets connecting angles to web resist this tendency and there must 
be suflicient rivets to do this safely. 

The total amount of this tendency to slide or horizontal flange 
strain between any selected point of girder and the nearer end of 
girder, is equal to the ben ding-moment at the selected point, divided 
by the depth of web of girder at the point, or 

*=: (120 

Where s = the total strain, in pounds, coming on all the rivets 

connecting either top or bottom flange to web, between any selected 

point of girder and the nearer end. 

Where m = the bending-moment in pounds-inch, at the selected 

point of girder. 

Where d = the total depth, in inches, of the web of girder at 

the selected point. 

The above strain s will exist in both top and bottom flanges and will 

be resisted by all the respective rivets in either top or bottom flange 

that connect the angles to the web. 

It should now be ascertained which is the weakest resistance of 
each rivet, whether it be to bearing (compression), 

rivets In web leg to shearing, or to bending, and this weakest resist- 
or angles. ^^^^ divided into strain s, as found by Formula (1 21) 

will, of course, give the number of rivets recjuired along each edge of 

web between the selected point and the nearer end of girder. 



Frequently many more rivelB will Iwve lo lie useii than nre required 
by ciluulation in onlur not lo escuud llie grettl«st pitch tor rivets 
given in Formiiln (107). 

To osi-erlnio tliu number of rivets reiguired (ftloog either web 
edgr) between any two points of girder, we will, ot course, take the 
diSerance between tlie numbers required from each point lo end ot 
girdtr. 

In llie flange lej; of angles usually fewer rivela can be placed than in 
the web leg, tliough ninny good engineers frequently make them 
equal in number. But this ia ri-aliy unnecessary, for evim If the 
strains on tlie flange rivets were the sama as those on the wi^b rireta 
(which they are not) we should still have two rivets in the lliinge to 
one in the web on all single plate girders. 

There seems U> be conEiderable difference of opinion as to just 
how to figure the (train on the flanire rivets. The 
rivets In (lansa best course would seem to (lie writer to be, to 
'•■ <" ""■'"■ assame that each flange cov 
each o( its ends, by rivets, lo the angle i 
plates between it and the angle iron, an a 
stress the plate is capable of exerting (that 



r plate must transfer at 
iron and parts of flange 
imount equal to the safe 
I, net area of cross section 



"(7)" 



of the plate multiplied tiy either the safe compression eI 
by the safe tensional stress T— . 1 as the case m.iy be). 

This amount should be transferred by sidHcient rivets, between 
the end of each plate, and tlie point of girder at which the full Thick- 
ness of the plate is rei^ulred to make up the ri.'i|uired moment of 
resistance. From tliis point to centre tlie rivets can be spaced 
auL-ording to the rule for greatest pilch, Formula (107), but when 
rivets are so spaced the pitch of the rivets immediately nearest the 
ends of any cover plate should be greatly decreased for a distance 
of three or four rivets at each end. 

By the above method the amount of strain on rivets can be quite 

accurately computed. 

The simplest methoil of locating rivet* is to construct what might 

be called the curve of moments of resistance. This 

*^X!"*'"«^^^"iJ»»can be done as shown in Figure 151, Chapter VII 

'"'■ (where C D E F O C \s tlie cu 

can calculate arithmetically the required u 
several points of girder, and lay out the e 
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ihown in Figure 196, where A B represents the length of girder, 
and MCf I Dsnd N E the calculated required moments of resist- 
ance at points Mf I and N. 

The curve of moments of resistance is, of course, A C D E B, and 
its axis or base BA. 

We now make I H=a^d see Formula (99) ; a, being the net area 
of cross-section in square inches of two angles, and d the total depth 
of girder in inches. 

H D will now represent the total required thickness of flange 
plates, which we can find from Formulas (36) or (98). 

We will decide to divide it into three layers H G, G Fwad F D. 
We draw the lines as shown and find that plate No. 1 can stop at 
Kj though it would be better to run it full length, it is, however, 
needed of full thickness at J, Again plate No. 2, can stop at •/, but is 
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needed full thickness at L, The top plate, of course, will run from L 
to (rentrc. The left half of girder, will of course be similar, the loads 
evidently being symmetrical each side of centre. In practice the 
plates rarely are stopped at the exact points calculated, but are 
usually extended beyond these points a distance equal to from once 
to twice the width of plate. 

There must now be rivets enough between D and L to equal the 
efTiciency of plate No. 3, between L and J to ecjual the efficiency of 
platti No. 2 and between J and K to etjual the efficiency of plate 
No. ]. If there is not room to get them in the plates must be suffi- 
ciently extended to get them in, that is No. 3 must be lengthened 
lH*yon<l L and towards /; No. 2 must be lengthened beyond J 
towards K and No. 1 carried on towards end. 
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Id laying out the rivets thej' should he as regulnr as possible, the 

best method is to lay out the total number of rivela 

»«Buiarit» of required from centre to end, gradually dBcrea^ing (lie 

piuh lonards ends, aod then to make each of llie 

plates No. 3. No. 2 and No. J of sufficient length beyond thfir 

respective point D (for No.3) L (for No. 2) and /{for No. I) to 

lake in the number of rivets reijuired. The length of plates may 

always be more than shown in Figure ] DC without harui, but never leas. 

We should have then for the bottom flange : 



Mum 



^ 



(122) 

Where x^ the number of rivett required in each end of each 
flange pinte l>etween ila ends and the nearer points to ends at which 
its full Btrength is reiiuired by llie girder. 

Wlivre a^net arta of cross-see lion of the flange plate, in 
Bi(tuu:e inches (less rivet holes), at its weakest section. 

Where (_-r^=^the safe tensional atress, per square inch of the 



•(7)=""' 

material. For top flan 



I, per square 
e f -^ 1 and look out that r 



VbIub or nvet*. their respectivi 



■0 far aj>art aa to cause bending or wrinkling of platee. 

Where yi^thu sate stress, in pounds, or least value of eavh 
rivet. That is the liearing, shearing or cross-breaking value of tlie 
rivet, whichever is the smaller. 

The rivets in the llanges will, of course, be cantilevers, loaded with 

•■G)"(f) 

respectively, a being the area as given in Formula (122). Ihe free 
end of cantilever will be of a lengtli equal to the thickness of ihe 
respective flange plate, or equal to the thickness of leg of angle iron, 
whichever is the smaller should be used. 

The bearing area will be the diameter of the rivet multiplied by 
the some smaller ihii-kness. 

In single plate girders the shearing of rheis ii-ill rarely detertulne 
their number, this will generally be more than the bearing or bending 

Figure 137 shows clearly the way in which rivets are strained. 
The web-rivet. No. 3, is bfariny against web on the surface E F 
and gainst angles on the two surfaces (sum of) D E and F G 
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The rivet has two cross-shearing areas, at E and F. This rivet is 
a beam supported at D E and F G and loaded uniformily with its 
share of horizontal flange strain, which it is transferring to web. 
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FIGr. 197. 



The flange rivets, Nos. 1 
and 2, we will suppose are 
connecting the flange plate 
A H to the angle iron. Their 
bearing then is against A H 
and in the opposite direction 
against B C, the lesser should 
be used. Their shearing area 
is either along the line Hot the 
line B according to which end 
is considered the cantilever, so 



that they have only one shearing-area practically in the calculation, 
instead of two as with the web rivets. 

Then rivets Nos. 1 and 2 are cantilevers and are built in either 
from H to C and loaded uniformily on the free end A H, or built in 
from A to B and loaded uniformly on the free end B C, 
whichever projection A H or B C is smaller should be used. The 
load on the cantilever being as already explained equal to each 
rivet's share of an amount equal to the net-area, of top plate A H 
multiplied by the safe tensional or compressive stress per square inch 
of the material. 

There is, of course, a tendency of the plates H I, IB, etc., to 
slide past each other and past angles. 

This tendency will exist particularly at the centre of girder and 
in those parts of rivets which simply tend to hold 
Plate tendency i\^q plates together after the plates have once trans- 
ferred their strength and become a permanent part 
of the flange. But this tendency rarely amounts to much, unless the 
plates are very thick ; and if the rivets are spaced according to rules 
given can be overlooked. If it is desired to calculate the strain on 
each rivet, due to this tendency of the flange plates to slide past 
each other, it can be done by the following formula, which assumes 
that at any right angled cross-section of flange through rivets there 
are always two rivet holes. 

p = *.(:r-y)».(|) (123) 

Where v = the safe value or stress on any flange rivet, in 
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pounds, to resist the tendency of any two flange plates (or plate and 
angle leg) to slide past each other. 

Where b = the total breadth of flange plate, in inches. 

Where d = the total depth of girder, in inches. 

Where x= the distance, in inches, from the horizontal neutral 
axis of girder to centre of flange plate, further from neutral axis. 

Where y = the distance, in inches, from the horizontal neutral 
axis of girder, to centre of flange plate (or centre of flange leg) 
immediately next to other plate, but on the neutral axis side of same. 

Where T -— J = the safe modulus of rupture, in pounds, of 

the material. 

If any part of a girder, either web or flange, is spliced, made of 

two parts, the number of rivets each side of splicef 

Spllclns^Klrtler ^^^^ ^^iq amount of additional cover plates, etc., 

should be made suflUcient to transfer the full strength 
of original plate across the joint. 

In locating the rivets of a splice care should be taken not to 
weaken the original plate by holes not allowed for in the original 
calculation of moment of resistance of the section. There is no 
difficulty in splicing webs, as cover plates can be put on each side, 
and the strains in the web are comparatively iimall. 

These (web-splice) plates and their rivets each side of joint should 
be of sufficient strength to transfer the amount of the 
vertical shearing strain at the joint from one side of 
(spliced) web joint to the other side of joint. In the flange, how- 
ever, it is more troublesome. 

In heavy girders, however, (the only ones usually, where it is 
necessary or where it pays to splice the flange plates), it is best to 
carry the upper or outside layers of flange plates a longer distance 
_, „ from the centre (or point of greatest bending- 

moment) than required by calculation, thus gaining 
extra material in the flange, and more than re(juired there by 
calculation, and then using this extra material to offset the loss suffered 
by making the additional rivet holes and by cutting or joining one 
of the flange plates at the point. For instance. Figure 1!)8 repre- 
sents the side-view of part of the top flange of a plate girder. A B 
is the first flange plate running entire length of girder, A being 
towards end and B towards centre. 
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This plate has to be spliced. We have previously found that we 
can thin down our flange at the points F, E, D and C We will 
decide to piece plate A B between D and E say at G, Of course 
the flange will thus be weakened at the point G by the entire loss of 
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plate A B and if we attempt to regain this by cover plates it will 
lose the additional rivet holes. But by prolonging the upper plates 
as shown by dotted lines this loss can be made good and without any 
additional rivet holes. 

For by the time the plate which originally ended at E has been ex. 
tended to G the girder is considerably stronger than needed, that is 
stronger by the amount of thickness of this extended plate, and the 
girder can therefore bear the loss suffered by the cutting of the 
lower plate. Providing, of course, the plates are of equal thickness. 
If there are not enough rivets between G and D to take up the 
strength of the spliced plate, the plate which ends at D will also have 
to be extended, as shown by dotted lines, till the number of rivets 
desired have l>een covered. 

In many cases the extending of flange plates is suflicient to form 
the splice, but frequently an additional cover plate over the extended 
flange plate may simplify and cheapen the cost. The arrangement 
in each case will depend upon the number of rivets required, the 
respective thickness of plates and other local circumstances. 

As a rule the angles are made in one piece from end to end, as 

they can easily be obtained of great length, and are 

Angles '" *J]J* awkward to splice. Angles should be used as heavy 

as possible, but if very thick they are diflicult to 
straighten, and besides reduce greatly the value of flange rivets, 
owing to the bending-momcnt 

In determining the thickness of web it has to have suflScient area 



on at all points to resist the vertical croxs-shear- 
ing, ami must be atilT enough not to -buckle UDiler its load, wbich 
wQl be eiiual to the vertlL'al cross-slicaring at eacb point of web, 

As tbia vertical cro«8-iIiearing is ainayi greattiat at one or both 
supports, we should have for thickness of web : 

Where b ^ tlie required thickness of web, is inches, (should 
never be leis than ^'' tliii/k). 

Where d = the depth of web, In inches, this should be the net 
depth il, that is depth ie/s all rivet holes eoming on any vertical 
section at or near reaction. 

Where p^ the reaction, in pounds, at either end, (Formiilie 14 
to 17). The larger reaction should be used, where they are 

If web is not to Iw of uniform thickness througliout, use, in place ofp, 
the amount: of vertical t^hearmg-alrain, in pountla, at the point for 
which thickness of vreb la being calculated. 

Where (-^jt^ the safe crost-shearing stress of the material, in 

pounrls. per square inch. 

Ill m.-iny plate girders the web will be so thin in comparison lo its 
depth, thiit there will be serious danger of the web 
Oansaror buckling, parlicularlv towards the ends where the 

AucUIIng, . ,* "^ , . ■ . , . , 

vertical cross-shear in g (except in case of single con- 
centrated loads) is always greatest. 

To avoid this danger the web is stiffened by riveting upright angle 

irons, or T-irons to lame, between the flanges. The ends uf tliese 

Mifleners should altnai/s he phntd and bear truly against each (lange. 

At the very eailft of girders there should always be stiffcners over 

s, of suflicient strength, as cclumns, to carry the amount 

I, less the amount of bearing of web on reaction. As the 

length of these columns will be only eijiiMl lo the depth of girder, and 

the column will generally consist of the bearing 

""•"^.^ amount of web, plus two angles, they, the stiffcners, 

can safely he considered as short columns nod the full 

safe compression stress, per Bi[uare inch, allowed on them. The 

number of rivets connectin^i any of thu stiflcners to web, should 

equal the amount of cross-shearing lieing carried by the stiScner, 
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that is vertical cross-shearing at the stiffener, less the amount borne 
by web. This latter amount at the ends is the safe load on a 
column or section of web, equal to its bearing on reaction ; between 
reactions a section of web ctiual to its depth is taken as assisting or 
being assisted by tlie stiffener, that is as acting together with the 
stiffoner. While the web really receives its load from the flanges by 
pin-connected ends — rivets — it is, nevertheless, assumed by most 
engineers to have planed ends, presumably to avoid too many 
stififeners, the whole calculation, as it is, being but very theoretical 
anyhow. 

We should have, then, amount of strain on end stiffeners, 

__ __ 120 00. b. X 

' b^ 

and amount of strain on intermediate stiffeners, 

*»».iM «.. t^*m^ 1 2000. b. d 

Btrain on in*9i^ s = t/ — *- ^^n. 

medlatestlf?^ ^ O.OO OS. d^ (126) 

Where s = the total compression strain on stififeners in pounds ; 
the stiffeners should have sufficient area of cross-section to resist 
this strain, considered as short columns, and sufficient rivets con- 
nectin'j; them to web to =»< in value. 

Where p = the greater reaction, in pounds, wiiere the reactions 
are unecjual; or either reaction whore they are etjual, see Formulao 
(14 to 17). 

Where y ::= the amount of vertical cross-shearing, in pounds, at 
the point of girder, see Formula (11), at wliich stifTener is applied. 

Where x = the distance, in inches, that girder rests on 
(selec'to(l) reaction p. 

Where b = the thickness of web, in inches, at end or at point 
yy as the case may be. 

Whore fi = the depth of weh, in inches, at end or point y, as the 
case may ho. 

To decide whether the weh needs or does not need stiffeners, and 
if so, at what points, use the followinjx formula. 

}2oo0.h.d 

^?II?e?:\l'/la"rr ^ ~ 1 . '^>.^>^>«'^^-/^ (^27) 

Where b and d same as in Formulie (125 and 126). Should y be 
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larger than the greator reaction p no stiffeners are required, except 
at the verv end. 

m 

Should f/ be les,s than either reaction, stiffeners will be required up 
to the point of web where the vertical shearing — (as found by 
Formula 11) — Just equals y. 

At this point place stiffeners a distance apart %i\uaX to the depth 
of web. 

Stiffeners should always be placed under concentrated loads. At 
end of web place stiffeners and again just inside of reaction, and 
between end and point where y equals shearing place stiffeners, not 
less than the depth of web apart, and gradually diminishing the 
distance between them towards end ; this distance should be regu- 
lated by the amoimt of increase in vertical shearing towards end. 

In regard to the deflection of plate girders, the same rules apply, 
as for beams, that is Formulae (36) to (42), Table 

%VaSgiIdVr8- ^^^» ^^'^ Formula (95) to (97). It should be 

noted, however, that owing to more or less imper- 
fections in riveting, fitting of parts, etc., the plate girders will deflect 
very much more than if calculated by these rules, with a modulus of 
elasticity same as for perfectly rolled beams. 

To allow for these imperfections in manufacture a lower modulus 
of elasticity should be used, to be varied according to the care 
exercised in manufacturing the girder. Experiments on riveted 
girders have given mo<luli of elasticity for steel as low as 5000000 
pounds-inch. 

This, however, is probably an extreme case. The writer would recom- 
mend that the following l>e used, where no experiments can be made : 

For wrought-iron plate girders c = 18000000 

Decreased pounds-inch. 

modulus of 

elasticity. For mild-steel plate girders e = 20000000 pounds- 
inch. 

Wliere e = the modulus of elasticity, in pounds-inch, to be used in 
calculating the deflection of plate girders. 

• Before giving an example. Tables XLI, XLII and XLIII should 
be explained. They have been calculated to enable architects to lay 
out the required size of plate girders by their use, and without 
elaborate calculations. They will be found to be very accurate and 
valuable for preliminary estimates, quick designing of girders, and 
checking of final calculations. 
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Table XLI gives the value of the web in resiBting the bending^ 

_ . moment. It should be remarked here, that some 
!!•• off Tables 
XLI, XLI I and engineers do not include the web at all; othen 

' include onljr one-sixth of the web at top and bottom. 
This is practically reducing the web to the same level as if the top 
and bottom flanges were merely latticed together. The writer 
believes, that in house-work at least, it can and should be safely 
included, particularly as it does not greatly affect the final result 
anyhow. In box girders the two webs should be considered as one 
web of thickness equal to the sum of the two ; except when calcu- 
lating for buckling, when, of course, each web is taken separately. 

Table XL II gives the value of the four angle-irons, for six 
different sizes of angles, and Table XLIII the value of e€u:h inch of 
effective width of flange. In all of the Tables the horizontal column 
of figures at the top indicates the length of span of girder, in feet ; 
the vertical columns of figures to the left indicate the respective 
values in tons (of 2000 pounds each); while the figures on the 
curves indicate the depth of web of the plate girder. 

The tables are calculated for a safe modulus of rupture ( -/? ) or 

extreme fibre strain of 1 2000 pounds per square inch, and intended, 
of course, for wrought-iron. 

For those desiring to use a smaller or greater strain it will only 

be necessary to increase or reduce the actual load 
'^flbrostrafns. (respectively) in the calculation. Thus, if it is 

desired to use a fibre strain of 15000 pounds, this 
will be one-quarter more than allowed for in Tables. We therefore 
use but four-fifths of our load in the calculation and find bv the 
Tables, what sized girder will safely carry four-fifths of our load 
with an extreme fibre strain of 12000 pounds. When we then add 
one-fifth of the original load (or a quarter additional to the calcu- 
lated load) it will, of ctmrse, add also one-quarter or 3000 pounds to 
the extreme fibre strain. Or, we wish to use an extreme fibre strain, 
of only 10000 pounds. We add one-fifth to our load making it { (or 
one and one-fifth) and find from Tables the size of plate girder to 
carry this increased load at 12000 pounds fibre strain; when now we 
deduct one-fifth of the original load (or one-sixth of the calculated 
load), we will, of course, at the same time diminish our extreme fibre 
strain one-sixth to 10000 pounds. 
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The use of the Tables is very simple and easy. For loads otlier 
titan uniform, aad for fleet, ihe data at bottom of Table XLl eliotra 
tliuir respective values as compared to those given in Tables. 

Il abould be noted ibat the " greatest deflection " has been calcu- 
Imed tor the most perfect work. For ordinary work tbiB deflection 
will be increased, according to the quality of the workmanship, to 
one-half more than for perfect work- 
in using the Tables, firat settle Ihe size of web, then of the angles, 
and GnaLy the size of flange plates. 

Example I. 
We teill suppote that we have a toroughl-iron plate 
by girdtr of 60 feel span, iDhich is to carry a uniform 
load of asg tarn and two load) ofi^ lorn each, o.te 
concentraled near each end, and one quarter *pan from reactions. We 
are la use a web 96" deep and flange 21" wide. Design Ike girder 
parti bg use of Tables. 

From the arrangement of loads W,„ and W,, (at bottom of 
Tuble XLl) we see their sum is equal to a uniform load, or 

"IH-"li = 8»l 

that is, our two concentrated loads will have the same elfect on the 
girder as a uniform load of 89f Ions ; our total load on tlic girder, 
therefore, will be equal to lT8j tons uniform load, which we will 
assume includeu the weight of the girder itself. We will decide to 
use (our 6" x 6" x }" angles, as the loads are very heavy, and §" 
rivets throughout. 

We now settle the thickness 6 of web, from formula givcD in right- 
hand comer of Table XLl, namely : 
b = Jl = IJ^ = 0,62l 

if.d f.ae ' 
or, say, web should be ^" thick. 

We now find the value of web in resisting tlie bendiDg-moment 
from Table X1,I. Pass down the vertical span line 
maiked CO' 0" till we strike (he curve marked 3il", 
ibis is two-thirds way between the horizontal lines marked on tlie 
luft — (in the |" thick vertical column, the second from left) — 7,5 
and 10,0 respectively, or our web would safely carry about 9 tons. 
We next take Table XLII, remembering that we selected the 
r,"xS"il" angles, the values for which are in the extreme left 
column. 
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' LTSr. vLj.l J & '^zjt znre tbaa 
¥»i— ofjBigr .^ ij:T-r:r-A. Lz^i* m&rketi in the exnvae Wi — 

•: X -: 1 i — -Azxn **-i *a«i Jid recpeeardr; 
CT. -.-^ f>.r liT-*^ vc-*i/Tr -»_! •»** car* oc abcot 3*>J toos, this 
fc;:-r- -... :^- w^i -il>r ;• —c.* ^ak-r? 3>} uas of tL* 17^J ums to 
>^ '-ATtJi :,,.-. cr * '.^^klk- r '.:' I* > :.:c* :•:• ^.ticDe oo the Aaasc. 

Ti-r r-iij- i* :.: '•»--: ■■'.i-. fr:>ci ii* we mast d«daet the two f* 
ri-.-r: L .rr*.* r o-r t^f-r :>* w>ii of ±&z.z« w.>aJd be=l?|'. there- 
fort riiL ::> L :l-?: -.^rrr 

We now lake Ta'.I? XLIII. pAss down the €0' G^ Tertical line till 

^ , ^ vr; «:rL£e *Jjr c^irre 3<' and then pmss to the left to 

Value of flansft. - v»^ . ^r u •_ 

ciil iL.t: a&ov« Ta^uc i,22 tons. We strike the 

curve on tLe nr.h LorlzoD'.al Ln« irGim the top and parsing to the left 

fin<i that we can::'>: dn i ar.v >-j'.h ralne as 7,22 ton«, in other words 

the daoiie will liave to titr tliiccer than two inches The value of .2'* 

We fin«J U 4,':' ton*, leavini: u* 7.22 — 4.^ = 2.42 ton* to care for in 

adilitiun to the 2 thkkne^s: thi«, we find (still on the fifth 

horizuntal lint-) is un<ier the thiekne«« marked 1 or our flanges will 

have to be exactlv 3 ' thick at the centre of jrinler. 

In reganl to the web, «houi«i we ijeride to make a box ginler,each 

web <li<mlJ be at least one-half the calculated thickness or -f^ thick. 

In practice it would l»c U'tter to make them a little heavier, for such 

heavy i^irJers, say alxmt J" thick e;M:h. 

Ex'imj'i*: II. 
A .<in'jl'* trth rirtf'il pint*? girder is of 5S\0^^ span. 

Detailing; a [. ^;,,^^ ^; , / from it ft i^u/f/tort. awl thence ever u five 

riveted girder* '.*., 

;'" / tit fi>-,' ft. f frniii rifjht support it caiTies ii concen- 

trntiii Id'iil nf U'j'Hj pttJtit'/s, thr thir'l lotifls from rack end being in- 

cndsul (Jnf cniuiuns) lt> 1»1<»00 ponnds. Tfuse loads include the 

alloirnncf for (n itjhf of ijirdn-. Tht wth must not be more than 36" 

(/(.(/'. Dttail the girdt-r. 

This iiinler is one of some twcntv-five used bv the writer in a 
larjie public buildin;^ in New York City, hence the limitation as to 
depth of girder. 

' .Many t'iiniiu'«-r8 ili-iUu't in u«Iiliti« n to size of rivt-t, 1-Ui" for punching and 
1-lC" for reiuning, which in our o:i»e would nmke the rivet holes 1" iiutead of |". 
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The vrorking-drawings, as they were furnished to the contractors 
by the writer, are given in Figures 204 to 210 inclusive.^ The only 
objection (on tlie score of cost) was to the length of some of the 
flange plates, but this could not be avoided, as the level of beams 
resting on the girders could not be disturbed, and there was not 
room enough between beams to get in the necessary length of cover- 
plates for splices. 

The reader will readily see that this is practically the same 

example as the former one (Example /), bo that we need not refer 

to the Tables for preliminary designing. We know then from tlie 

_ . Tables that the cirder, at the centre, will need to 

Size by Tablesa 

have a 36" x|" web, a3"x21" flange, four 

6" X 6" X J" angles, and that we will use |" rivets. 

We will now see whether this is confirmed by calculation. We 
will first use the graphical method (see Chapter VII) on account of 
the large number of loads. 

In Figure 202 (p. 121) we lay off our vertical load line m a, where 

tn l = lk=ij h = h gy etc., = 19600 pounds, and k'j = dc = 

Curve of 91000 pounds at pounds-scale. We would select the 

moment of ^ * 

resistance, ^^^j^ distance ry = (/';) = 12000 pounds, but that 

it will make the moment-of-resistance curve too deep for con- 
venience. We will, therefore, decide to make the distance xy = 

10. (1=120000 pounds at pounds- scale. We shall, therefore, 

have to multiply all the verticals through the momentof-resi stance 
curve in Figure 109 by ten to get their actual values. AVe draw the 
moment-of-resistance curve Figure 199 (see Chapter VII) and find its 
base line ^1 M. As our loads are not symmetrical on the beam, being 
four feet distant at one end and five feet at the other, we draw in Figure 
202 xy, parallel A M of Figure 199, and find our reactions 
y^tn = q = 1 75U00 pounds and 
a y, = ;> .= 1 S'iaOU pounds. 
The greatest bending-moment will be at load wv, where the great- 
est vertical r through the moment-of-resistance curve (Figure 199 on p. 

121) measures 27G inches (by inch-scale). Not having 
Greatest bend- / k \ 

Ing-moment. n^.^ the pole distance x t/^= ( - - 1 in Figure 202 we 

1 It is to be rc'};;rettc<l tbat some of the illuKtrutioiis are necessarily very small ; 
tbe reader is advised to U2>e a maguifyiui; glass. 
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must multiply this by ten to get the actual required moment of 
resistance which would be == 2760. For tlie same reason we cannot 
use Formula (98) to calculate the flange thickness and therefore 
refer to Formula (3G) and have for thickness of flange at centre 

^^ =3,02 



"~ 19,25 

Or we need, as found by Tables, a flange thicknefts of three 

inches at the centre of girder. In the above formula, 

"^^'"tMck" esi* *^ 8J>ould be explained, 2760 was the required 

moment of resistance at the point (that is at load ttv,) 
for which we were calculating flange thickness ; 37 represented the 
approximate total depth of girder, allowing say for one half-inch 
plate to each end of girder; 19,25 was the net width of flange, after 
deducting two rivet holes; and 16,4 was the net area of cross-section 
(after deducting four rivet holes) of two 6" x 6" x |" angles. 
We will decide to use six half-inch thick plates in each flange and 
must next decide where to break them off. Accord- 
diminish flange ingly we use Formula (99), and have value of two 
thickness. ^„^,,^^ 

= 16,4.36 = 690,4 
or of the whole required moment of resistance (2760) the angles 
furnish an amount = 590; now, as our moment of resistance curve 
is only of one-tenth the required depth, we divide this by 10 and 
make 7',= 59 at inch-scale. We now divide T', Tinto six equal 
parts and draw tlie parallel lines to base A M, their intersections 
JV, 0, P, Q, 7i, and S with the curve are the points at which the 
respective plates can be broken off. 

We shall, however, carry tlie first plate N the entire length, 
and as this plate is spliced inside of the curve, we shall have to 
carry plate No. 5 over the joint to make up for the lost section, and 
we shall have to carry both plates Nos. 4 and 5 sufficiently far to 
the left of the splice to get in the necessary number of rivets to 
ef^ual the value of cut plate. 

It will also be necessary to prolong some of the plates to get in 

the necessary rivets beyond their points of contact 

fiange rivets with curve. Thus between and N we must get 

required. ^juQ^gij rivets to etjual in value plate No. 1, or else 

prolong plate beyond N ; between P and enough rivets to e(]ual 

plate No. 2, or else prolong plate beyond ; and so on till in the last 
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pbte No. € we Biifft get enough riTeu between T mad 5 to equal 
pUte Xo.«. Now thew pUtes are all of equal Tmlae =r ^" x 19}^"=: 

&f fTjoare inches of crois-fecUoii, which multiplied bj (-\^lfW)0 

poQDds gives the real strain « on the rirets, or 
# = 9{.1200<) = llO^^iO pounds. 
We wilL therefore^ laj out rirets enough, in each flange, between 
S and the end A to take this strain five times, 
"^ nvMu g^*^ii^b' <lecreasing the pitch towards the end of 
girder. We will then carrj each plate sufficiently 
far beyond the length required by curve, to get its respective 
number of rivets. 

Now the value of rivets ({") in flange will be for shearing (single 
area) := 4800 pounds each. For bearing and bend- 

Value of each jj,g ih^ rivets will evidently get their value from the 
flange riveta 

^" plate, this being thinner than the angles, and we 

have bearing value = 5200 pounds per rivet. £ither of the above 

can be found by calculation, or from Tables XXXV and XXXVIII. 

■ For bending we have from Table XXXVIII for a | rivet^ the 

safe bending-moment = 990 or say 1000 pounds-inch. 

The actual greatest bending-moment will be, Formula (25) 

u. (1) u 

'"=2 =4 
and as the safe 

m = 1000 pounds-inch, 
we have 

1000 = "or 
4 

u =:4000 pounds. 
The value of the rivets against bending — (4000 pounds each) — 
being their least value, will control the design. Each cover-plate 
therefore requires 

llo500__2i) rivets, and from S to end we shall require 145 
4000 ^ 

rivets in each flange. From 5 to T we require only 29 rivets, but 

they will have to be spaced more fretiuenlly to comply with the rule 

for greatest pilch, or Formula (l'>"), acoortlingly the pitch of the 

latter should not exceed = liJ.i = 8 inches. 

Fitnire 207 shows a plan of the top flange of left half of girder. 

Plate No. 6 might have slopi^d at .J?, but is carried two riveta 



further t« avoid breaking uuikr a beam, which rested on the girder 
at Uiis point. The splirc of p1at« No. I has been 
■piioinBih*^^ j„,j(, j,|jt ,o ti,^, |pft uE fl, where plate No, 5 might 
liave stopped ; we must, therefore, carry platea Nos. 
9 aod 4 at least 2!) rivets beyond the splice, which has been done- 
Plate No. 4 might have slopped twospaceE nearer A, but for the spliee; 
Plate No. 3 we stop at the right number of rivet* to the left of Q, 
and plale No. 2 to the left of P. Plate No. 1, which might atop 2!) 
rivets to the left of 0, we decide to carry to the end. 

The countersunli rivets shown come under beam or cohimn ends. 
The blank iipaces were to boil column plates to. The blank 
spaces for beams were marked on Inter from memoranda in the con- 
tractor's shop. 

Having detailed our flange, which will be the same both for top 
and bottom flange, we will now consider the web. 

Tlie size of web we settle from Formula (124) and have for 
thickness '', assuming that there will be no more than 
;t-lioles in any vertical section, or 
i; = 3li — CJ = 30f"; 



ThIckneMof 



1 83500 



= 0,74 



aoj.sooo 

or nearly }". The web, however, was made |" as the above wa 
re({uired only at tlte one extreme end and tlirough it« rivet-holes 
The effect of decreasing the breadth of web being, of course, to raJai 
the actual shearing per Br|uare inch at this point to a little ove 
9000 pounds per eijuare inch. 

Whara aiifrenarB ^'* "'"'' decide where stiffeoers are required 
»ra raquiraa. ^^ use Formula (127J and have 
_ 12000. \ . 36. 
^ rr ^^OOOa. 36" 
"*■ (tJ* 

= 135000 pounds, 

Or we require stiffeners from the end to the point where the vertica 
■hearing is less than 136000 pounds. 

By referring to Figure 200, wu Und this would be about ten fee 
from the end. 

The stiffeners, however, were placed more frequently, as shown ii 
Figure 2W, both for looks, and as there was some danger of licavie 
loads being placed on the centre of girders, which would, of course 
increase the vertical shearing near centre. These sliffeners wen 
nude of CxCxJ" angle irons, with 6"xJ"x24" filler plate; 
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behind them, so as not to bend the stififeners. The filler plates being 
cheaper than would be the cost of blacksmith work involved in bend- 
ing these angles around the vertical legs of flange angles. Their 
upper and lower ends were *' milled " off and made to bear firmly. 
Now as to value of rivets through web, we should have for bearing 

I". I", 12000 = 6562 pounds; for shearing, being in 
Value of web double shear, twice the value previously found for 

single shear or, 2.4800 = 9600 pounds; and for 
bending we have a ^" circular beam of {" span. The safe bending- 
moment we previously found to be 1000 pounds-inch, the actual 

bending-moment is ~, therefore 

o 

!li-t = 1000 and 
8 

u= 12800 pounds, 
Or the value against bending would be 1 2800 pounds. As the bear- 




lUVETS HERE SHOAVN TO BE 
COUNTERSUISK O N UNDER SIDE 

OF LOV^-ER FLANGE 
SAME AT OTHER "ENI> 

nG.208. 

ing value (6562 pounds) is the smallest we will use that in determin- 
ing the number of rivets in web. 

For end stiffeners we use Formula (125) 

. iftoiinn 12000. f 16 

' + -(IF" 

= 1 22500 pounds. 
Or we should need 

G562 
Or we >liould need some 1 rivets in the end stiffener, we therefore 

decide to use a filler plate 24" x 23 1" x J" each side, which will not 






WKB RIVETS. ISft 

onljr help B^Sea the web, but aSorda us the room to get in the nece*' 

larjr number of rivets, vrJthouC cutting mom than six rivct-holbs on any 

NumMrofhv.t.™^ vertical lin,:. Figure 208 gives A plan of 

In central arrangement of web at end. We next tnke tlie 

•tin.ner*. g,ig„„yr located some 4' 6" from the end. The verti- 

crI BheitriDg here (see Figure 200) is 163000 pounds. 

From Formula (126) we have therefore strala on thi« stiffener 

. = .63000 'J^°°:-h^, 

1 4- ^03. 36» 

= 26000 pounds. 
Or we should need 

28000 _ 
"6dti2" " 

or say five rivets, we must, howL-vcr, locate them oftener, see 
Formula (107). 

We next deci<le lu splice the web at the point 
•plicinB(he^^ shown in Figure 2iili, and as shown in plan Figure 
210. 
The vertical shearing at this [XJint (see Figure 200) ia 163000 
pounds, we need, therefore, fuch siite uljuinl 
163000^ 

IX Ukf 35 rivets. Inchiding tliosc in the angles, which, of couri^e, help 
splice the joint, we have 26 each side. 

We next settle the size of splice plate hy Formula (IH). Wo 
shall have for its neat breadth 

S = !V-O.J = l!f" 
and have for tbictin<-9s of splice plates 
163000^ 
IHj. 121100 
As there arc two plates, one each side of the web, we shall make'> 
. each one-half the above, or 

Jfa ^k I 't I^t ^ say I" tliick, remembering, 

.'vcr, to Gil out U-hind 
in^le with an ailditional 
SECTION 07 i" Ihiek (filler) plate. 

NumberorrlvM* "* ""'*' 
nC 209. conn,«in«w«b next wUJe 

and angiafc thennmber 
ofrivets connecting the angle and the web. 
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The Tcrtinl tkroagh momeat ai resfftaace cnrre (Figure 199) mt 
the centre meafnre* tZi ' and the axis x jr in (Figure :202) we made 

= 1 :Jv»>- • fwoniis, 
therefore, from FormoLi iy^) the beading^BOoeiit at centre, or : 

= 531 ^»» poandt-iach. 
This dirided br the depth will giTe the horizontal flange strain 
from centre to end of girder, lee Formula (121), or 

This again diTided br d^e least Taloe of web riTets, which we 




T\0. 210. 

preTiooslr found to be 6562 pounds, gires the total nomber of riyets 

required, or 

92000.. _j^,, 

6562 
In reality we hare placed 143 rirets from centre to end, so as not 

to place the central ones too far apart. Again take a point just 

under the column (or if„> say fourteen feet from the left reaction. 

The vertical (Fii;:ure \\*\*) measures 225 ', therefore bending-moment 

at CTix, or 

mw =225.120000 

= 27«MM>ono pounds-inch 
and horizontal dans:e strain 

5= - — = •5f.»0i»0 
36 

and required numlxT of rivets 

75000O 

"6562 ~ 



In reality there hre only 


13 bctweeu 


this point and eni 


but that 


U near enoiigli, at it gpaces 


more evenly 


so. Again, take a 


point at 


tlie first load to thu kft. or 


/■„ which is 


four feet from left 




The verliial (Fijrure l9n)"(noaiures "V 


, therefore bending-moment, 


m. =;6.120000 








= 9000000 pounds-inch 






Moil borisontnl Aange ntrain 


to end 






_900<P(iOO_ 
* 36 


JSOdOO 






Therefore number of rivets 


required, 






250000 „„ 
BaG2 ~ 








Id reality there are 42 ri 


et>. 






It wiU be noticed that i 




itresi we 



tlie riveiB to the very end of girtler, this, of 
s right ; altliough before right through for 
c have considered the end as at the 
reaction. The iimount the girder will run over the reaction will be 
determined by the crushing strength o( the wail, or pier, or column 
it is supported by. 

In our case we have a bearing 21"x IG = 330 square inches, and 
therefore load per square inch on masonry 

= ■-»=., p„„a. 

per «<iuare inch. This was distributed onto the brickwork by heavy, 
ribbed, enlarged cast-iron plules. 

The only th[ng remaining lo be done now is to figure the de6ection. 
In Figure 19!) we draw thu vertical lines, 1, 2, 3, 5, 6, etc., through 
the moment of resistance curve, the distance l>e- 
tween them (/,) lieing practically 60", the first one 
tnipniollr. being a half dislanee. In Figure 203 we carry down 
these lengths in succession on line in 1, 3, S, etc., to a. We Klect 
our pole : arbitrarily at n distance 
I> = 1000". 
In Figure 201 we now construct the dellt'clion curve. The 
loDgett vertical is in tlie centre of girder and 
= r,=^243". 
The moment of inertia of the section of the girder at the centre 
will approximate very clowly to ea'HlO (for exact amount see Table I, 
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section No. 14) and remembering that for bailt-np plate girders of 
wroughtriron we must use a modulus of elasticity equal to only 
18000000 pounds-inch, we have the central deflection, in inches, of 
the girder (see Formula 97) 

g __ 243. 60. 1 000. 1 20000 __ . ^q„ 
18000000.59000 "" * 
The safe deflection, not to crack plastering, would be, (see 
Formula 28) 

8 = 59.0,03 = 1,77" 

Or, our girder is amply stiff. "Were we to con- 

"^^''xable XLl. ^^^^^ ®"^ ^^^ *^ ®^"*^ ^® * uniform load of 857500 

pounds we could use the approximate formula for 
deflection given in Table XLI, and should have had 

8= ^^=1,105" 
75.42 ' 

Wc must add one-half to this for a modulus of elasticity of only 

18000000 (the approximate formula being based on 27000000) and 

would have 

8 = 1,105 -f 0,552 = 1,657" 

or the same as by the graphical mctliod. 

Or, we might have calculated the deflection hy 
found Formula (39) again considering the load as « 
arithmetically, uniform load, and should have had 

-, _5^ 3 5 7500. 70 8 « 
^~384* 18000000.58000 

= 1,62" 
Or, practically the same result, and showing how closely the different 
methods agree. Had we figured the girder arithmetically we should 
have obtained practically the same results throughout. We 
should have considered our load as a uniform load of 357500 pounds, 
which would give us e(iual reactions, of 1 78750 pounds each, an 

error of hardly 2 per cent. 

^ ^, The bendin^-moment at the centre would be. 

Bending- j.iv o 

arith^;^e°tra'?fy. Formula (21), 

m = 'i^L^^^^^jLlH? = 31 638 750 pounds-inch. 

8 

The required moment of resistance therefore, would be. Formula 

(18), 

31638750 ^.,„. . 

r = = 2bo6,o 

12000 



DEFLECTION OF OIRDER. 
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The actual moment of resistance (by section No. 14, Table I) will 
be found to be at the centre 

r t=z 2740 or considerably more than required. 
The load, however, is not strictly equal to a uniform load, hence 
aA the discrepancy, we should, of course, 

I use the result found graphically, which 

was based on the actual conditions. 

I In figuring the girder arithmetically 

the required moments of resistance at 

different points along the girder should 

be ascertained ; after which the curve 

of moments of resistance can be laid 

out and the flanges, web, rivets, etc., 

of girder, calculated the same as 

already explained. If our girder 

were not braced sideways we should 

have to calculate for lateral flexure, 

using Formula (5). For the area a 

we should take the area of top flange 

at centre, plus two angles and the part 

of web between angles. For the 

Kpare of the radius of gyration we should take the same parts around 

Lateral flexure, ^^ *^^* M. . , N at right angles to flange, or as 

topflanse. shown in Figure 211. We omit rivet-holes in this 

case, for ease of calculation, and as all parts are in compression. 

We have then 

a = 3.21 + 2.9.73 4- 6.f 
= 86,21 square inches. 

Now for O^ not finding the exact section in Table I, we must find 
the moment of inertia i and divide this by the area. 
We have then 



I 



F fir in 



. 3.21» , 
*=-12- + 

= 2468 



J-12f 



12 



+ 



12 



Therefore q«= ?1^ = 28,6 
^ 86,21 

and from Formala (5), / being, of course, the span of girder in 
inches: 
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3.86,21 .12000 



tc = 



■ 4.708'. 0.<X><>025 



9. 

= 1149600 pounds. 
One-third of this would be safe, therefon 

"? = 383200 pounds 

would be the safe stress in flanges not to cause lateral flexure, or the 
safe stress per square inch should not exceed 
383200 .... , 

The actual stress will, of course, equal the area 86,21 multiplied by 
the average fibre stress, per square inch. To find the average fibre 
stress, use the following Formula : 

*''""'.«.%'i5?o ^- ''■{/) (128) 

flanges, v z=z . 

Where v = the fibre stress, per square inch, in flanges of plate 
girders. 

Where x = the distance of the centre of gravity of part of flange 
being strained — (flange, angles and part of web between them) — 
from the centre of depth of web, in inches. 

Where ( -, j=safe modulus of rupture, in pounds, per square 

inch, or stress on extreme fibres, in pounds per sciuare inch. 

In our case this distance x would be found by rule given on p. 7, 
(Vol. I), and would be (see Figure 211) 

8G,2I 
= 18,63 
Therefore the average fibre stress from Formula (128) 
,_2. 18,63_.1_20()0 

= 10G45 pounds. 
The actual total compressive stress on flange will therefore be 
= 86,21 .10045 
= 917705 pounds. 
This result should, of course, be the same as our horizontal flange 
stress, previously found, and by referring back, we see that this was 
practically the same (920000 pounds.) 
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Our actual compressive stress we see therefore is about two and 
one-half times larger than the safe stress to resist lateral flexure as 
found above (383200 pounds.) 

We should therefore, either brace the girder sideways — which 
was done by the beams in our case — or we should have to broaden 
the top flange. 

WrinklinKof ^^ ^^° readily see that there is no danger of 

fianse. wrinkling in so heavy a flange, but did we wish to 
calculate it, we would do so by Formula (4) or Table III. 
A new deep Since the publication of Table XX, the Home- 

beam, stead Steel Works of Pittsburgh (E) have begun 
rolling 24" deep steel beams from 240 to 300 pounds per yard in 
weight. 

The data in regard to these beams is as follows : 



Neutral axis 

normal to 

web. 



Neutral axis 

parallel to 

web. 



Depth of beam (tt) 

Weight per yard 

Width of flanges (6) 

Thickness of web 

Area of each flange 

Area of web 

Tbtal area (a) 

Moment of Inertia ( <) 

Moment of resistance (r) 

Sq. of rad. of gyration (o ) 

Transverse value (steel) 

Moment of inertia (0 

Moment of resistance (r) — 

Sq. of rad. of gyration ^Q V 

Transverse value (steel) 




2V' 

240 

6.95 

0.50 

6,55 

10,90 

24.00 

2061,00 
171.75 

85,88 
1718000 

41.65 
12.00 

1.74 
120000 



CHAPTER XL 

GRAPHICAL ANALYSIS OF STRAINS IN TRU8SK8. 

ITfHE same general rules which apply to beams and girders apply 
A equally well to trusses ; but as the latter are made up of a 
large number of parts, some sustaining the loads directly, others 
transmitting the consequent strains and thus helping indirectly to 
sustain the loads, it becomes difficult and often very complex to 
follow out all the strains arithmetically. For this reason the 
graphical method is generally used, and for the architect, who has 
many other things to remember, besides strains and stresses, will 
always be found to be the most convenient 

There are three steps necessary in designing a truss : 

1st. Ascertaining the amounts of loads on each part, and their 
points of application 

2d. Ascertaininor the consequent strains on each member of truss. 

3d. Designing the members and joints of truss. 

In calculating: trusses it is alwavs assumed that all the members 
meeting at any joint are connected by a single pin, and are, there- 
fore, at liberty to move around this pin, until they assume equili- 
brium towards each other, when of course, they will all counter- 
balance each other and remain stationary. All loads are, therefore, 
assumed to act directly on the joints, and are considered as vertical 
forces at these points (except where wind is allowed for separately). 
It will frequently happen, however, that the loads are not placed 
directly over the joints. 

For instance, the load might be uniformly distributed over the 
entire rafter (or chord) : in that case, we should 

strain on have to assume one-half the load on each panel as 
members, coming directly (and vertically) on the joint (that 
is, each joint would act as a vertical reaction, made up of several 
parts), and afterwards when designing the truss members, we should 
have to add sulUcient materinl to the rafter (or chord) to take care 
of the transverse strairij due to the uniform load. 
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Or, again, we might have a load tr, as shown in Figure 212. The 
amounts of this load coming on joints Nos. 2 and 3 would be figured 
exactly the same as reactions (Formulae 14 and 15). 

In these formulae p would be load No. 2 ; q load No. 3 ; I would 
be the length of rafter from No. 2 to No. 3 ; m 

'^^'"^^actiona. ^^^^^ ^ ^^^ ^®°S^^ ®^ ^ ^^ ^^^^ ^°- ^ *<> load ; and 

n would be the length of D or from load to No. 3. 

All these lengths can be measured either along the rafter, or 
horizontally between the vertical lines, the result will be the same. 

Where loads are suspended from the lower chord, or what amounts 
to the same thing — rest on same (as ceilings for instance), the load 



MOJ 




MPS 



riC 212 



can be considered as hanging from the bottom chord as shown at 
w^„ Figure 212. 

This, however, seriously complicates the strain diagram, it is better 

therefore to consider (which is also the fact) that 

Loads onjower ^^^ j^^^ ^^^^ j^ transferred directly to No. 3 by the 

tie-rod A B. We will therefore in making our 
strain diagram add the amount of w^„ to load No. 3, and must 
remember later to add an amount of tension (equal to m?,,,) to rod A B 
over and above that found by strain diagram. If we had a load w^^ 
placed half-way between p and tr„, we should have to make the tie- 
beam or lower chord sudiciently strong to bear this transverse load 
in addition to the tension existing in it. In this case, the point w^^^ 
USidp would be the reactions for load U7,„ and the rod A B would 
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transfer its share up to No. 3 in addition to load tr,„. But as a rule 
it is more economical to transfer the load w„ up to joint No. 2 
directly, by means of the tie-rod. When making the strain diagram, 
however, this rod should be omitted and the truss shown as at H. 
Otherwise it will be found that the corresponding points y and g of 
strain dia<n*am would coincide. This would mean that there was 
no strain on F 6 due to the strains in truss ; and this is a fact, as 
the only stress in the rod is in resisting the direct tension due to the 
load hanging from No. 2 by the rod. 

When figuring the reactions p and q they should be figured by 

the Formulae (14) to (17) inclusive. If all the loads 
Reactlon^at^^ ^^ uniformly or symmetrically placed along the 

truss, each reaction will be just one-half of the total 
load. If not, then the truss is considered the same as if it were a 
beam and the reactions figured by the formulae, the distances m, n, 
r and s are measured horizontally between verticals as shown ; the 
distance I is, of course, the entire (horizontal) distance from p to q. 
Wind can safely, as a rule, be assumed to act vertically on the 

truss and to simply add just so much to the calcu- 

Allowancefor lated dead load. The writer generally adds for this 

Snow, climax (New York City) 30 pounds per square foot 

of surface of roof (measured on the slant, not hori- 
zontally). This will do for small roofs and approximate calculations 
of large roofs. This allowance will include the necessary allowance 

for snow, for, if the roof is steep, the snow will 

either slide off, or be blown off, and if the roof is 
flat the wind pressure will be very much smaller and the reduction 
in wind pressure will fully offset the weight of snow. 

Of course taking the wind as a vertical dead load involves two 
errors : first, the wind is never on the entire roof, as it can mani- 
festly act on one side only; secondly, the wind does not act 

vertically. Where wind pressure is calculated sep- 
Beparate Dia- arately it is assumed to act at right angles to the 

*'^*'wind. 8"^^*^® o^ ^^® ^^^^ *^^ ^^ o°® 8^^® only. In large 
trusses this should always be done, as it will 
frequently be found that stresses in certain members will be 
reversed. 

That is, members, which under a dead, vertical load show only 
tension or compression in the strain diagram may (with wind taken 



ll«*ar*Bl or normal to roof and on one siiJe only) be reversed 

"'• ao'l show, respec lively, comprvssion or tension. 

IruQ trusses, over eighty feel long, need sume arrangement M 
allow for expansion and contraction. In roof trusses this la 
provided by anchoring down one end and leaving the other end free 
to move (horizontally) by placing it on rollers. 

It will readily be seen that where there are rollers the effect on 
the truss will be very different, acfording to which side the wind is 
blowing from. In such trusses, therefore, it will bo necessary to 
make three strain diagrams, one for vertical dead load (int^loding 
fnow but DO wind); one for wind only on right side ; one for wind 
only on left side. 

The truss must then be designed to witlistand the strains due to 
the dead load only; and eaough added, where necessary, to with- 
stand the additional or different strains due to either pressure. 
Where both strains are of the same nature they should lie added 
together; where they are of opposite natures tbey will, of coarse, 
offset ea<.'h other, but the member should be strong enough or stiff 
enough to withstand either separately. 

As the wind acts horizontally, it will on striking a roof of course 

cause a different pressure at right angles to the in- 

wina PresBura clination of roof, than is its pressure against a ver- 

"incMnation. '''^*' surface. This pressure will therefore vary 
with the indination of the roof. To determine it, it 
is assumed that the greatest wind pressure per square foot of roof 
surface will never exceed forty jmunds. For steep roofs with an 
inclination of 60° to 90° with tlie horizon, tliis is the pressure 
assumed. 

For roofs forming smaller angles with the horizon a com[>]icaIed 
trigonometrical formula is used. Its results are as follows : 
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TABLE XLIV. 

TABLE OF WIND PRESSURES ON ROOFS. 



Angle of Inclination of Rafters with 
Horizon. 


Pressure or Load, in poands, per 
square foot of Koof Surface. 


10° 


91 


16° 


14 


20° 


IH 


25° 


22\ 


30° 


26^ 


35° 


30 


40° 


33i 


46^ 


36 


50° 


38 


65° 


39i 


60o) 
to j 
90^) 


40 



Upproxlmate 
Rule for Wind. 



Allowance for 
Snow. 



It will be noticed that approximately the pressores 
in pounds are about eighty per cent or four-fifths of 
the number of degrees of the angle of inclination. 

\Vhere the wind is taken separately the allowance 

for snow in the strain diagram for dead loads should 

be fifteen pounds per square foot of roof surface. 

Having once ascertained the amount of load on each joint, the 

strains on the different members of the truss are found by the general 

methods given at the end of Chapter I. (Pages 69 to 74, Vol. I.) 

Particular attention is again called to the method of notation, and 
to the necessity of reading off the pieces in their proper order, and of 
reading around each joint in the same direction. The writer always 
uses the direction in which the hands of a watch would travel around 
each joint. 

In calculating the strains each joint can be analyzed by a separate 
strain diagram, or all of the strain diagrams can be combined into 
one. As the latter method is much more convenient and less liable 
to error, it is the one always adopted. 

In laying out the strain diagram we begin with the joint with the 
Drawing of least number of members and this usually is atone 

strain diagram, of ^j^j reactions, where we have only one strut and 
one tie. Having found these strains we pass to one of the joints at 



WIND AND SNOW ALLOWANCES. 



141 



their other ends, and so on. The reason for doing this is that it 
will be found impossible to draw the lines in the strain diagram 
representing any joint where there are more than two unknown 
strains. By beginning, therefore, with a joint of two members 
only, the strains on these can be found. We then can pass to 
joints of three members, containing at least one of the former 
strains and so on. Figures 213 and following ones give a large 
number of roof designs with their corresponding strain diagrams. 
We will analyze one or two of these and the student can puzzle out 
the rest 

Only a few will offer any particular difficulty, and these will be 
taken up and explained later. 

In all the figures dotted lines mean that the dotted member is in 

tension and full lines that the member U in com- 

Dotted^Hnes In pression. The numbers in Figures 213 to 228 give 

the amount of strain, in pounds, on each member 
due to one pound of load at each joint for roofs with inclination 
angles as shown in figures. 

All that is necessary therefore, where roofs are designed similar 
to any of these figures, and with same inclinations and angles, t# 




ascertain the amount of load on the joints and then multiply the 
number or given strain on each member by the amount of load on 
each joint. This will give the actual amount of strain on each 
member. 

For instance, we will say wc have designed a roof truss similar to 
Figure 213 with the principal rafter at an inclination of 26° 30'; 
we will say the trusses are 10 feet apart and 48 feet span, and 
weight of roof including snow and wind 50 pounds per square foot 
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measured on the slant By scaling the rafters we find they measure 

27 feet each in length, therefore load on each joint 

= y .10.50 = 6750 pounds. 

We now refer to Figure 213 and have the strains, as follows : 

Compression on rafter B G= 8,85.6750 = 4-22612 pounds. 

Compression on rafter C H= 2,25.6750 = -|- 15187 pounds. 

Compression on strut (7//= 1,1.6750 =-\- 7425 pounds. 

Tension on tie G0= 3,0.6750 = — 20250 pounds. 

Tension on tie H I = 1,0.6750 = — 6750 pounds. 

Had we drawn the strain diagram and made 

ab = e/=^^^ = 3375 pounds at any scale, and at same 

scale made bc = c d=:de = 6750 pounds, we should find that at the 

same scale the respective lines would measure : 

6^ = 22700 pounds. 

c A= 15200 pounds. 

gh= 7400 pounds. 

^0=20300 pounds. 

hi= 6 750 pounds. 

and to ascertain whether these strains were compression or tension 

we should follow the direction of each line at each joint and see 

whether it thrusts against or pulls away from the joint. 

To draw the strain diagram we first select a convenient scale, by 

which we will measure all the loads and strains. We now draw our 

load line, making in (Figure 213) a 6 = the load on ^4 ^B the foot of 

main rafter, we then make bc = the load on joint B C, the next one 

on main rafter, c r/ = the load on apex and so on ; as we know the 

reactions will each be just one-half the load, we locate o half way 

between / and a, in other words we make /o = reaction FO and 

(1 = reaction O A, 

To get the strains we begin at the joint A BG A at foot of main 

rafter, for here there are only two unknown strains, 
Where to begin. , , ry ^ y .r . - 

namely, the compression on B (r and the tension on 

G 0. 

I n strain diagram draw b g parallel BG ; and g o parallel G till 

they intersect at //; then will bg be the amount of thrust on the 

joint or the compression in B (7, and g o will be the amount of pull 

on the joint dV tension in G 0. To make sure of these we read off 

the lines following the proper succession, namely, A B, B Gy G O, 

A ; referring now to strain diagram we read a b, this is down or a 
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vertical load ; next b g, ibis is down or towards the joint, therefore 
compression ; next g o, this is to tiie right or pulling away from the 
joint, therefore tension ; and finally o a (which brings us back to the 
point of starting a) and being upward is, of course, the direction of 
the reaction. As our strain diagram is a closed figure abgoa,we 
know the joint is in equilibrium. Had we failed to get back to the 




® 



o 
rrc. 215. 



© 



point of starting a, we should have known there was some missing 
member to the truss at this joint. 
On the other hand, if we had had two letters coming onto the same 
point — (which would be the case with letters F and 

*" mcH!nb«i- ^ ^^^^ ^® *^ draw strain diagram for Figure 212) 

— we should know that the member or line between 
these two letters was superfluous so far as aiding the general truss is 
concerned. We now (in Figure 213) pass to the next joint with 



V 
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only two unknown strains. This is evidently the joint at half the 
height of rafter, we have just found the amount of compression on 
GB — (note that we now read GB and not BG m before, for 
around this new joint the hands of a watch would travel in the 
direction G B) — and the only unknown strains are the com- 
pressions on CH and on HG* In strain diagram we draw ck 




parallel CH and h g parallel HG till they intersect; c % will then 
he the amount of compression on C H and h g the amount of com- 
pression on U G. We now read off the pieces in succession B Cy 




3.75 



® 



3.0 O 
riG 217 



(3) 



C H, HG and GB; and in strain diagram; be, downwards, 
therefore a vertical load ; c h downwards towards joint, therefore 
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compresBion ; h g lo the left, towards joint, thcrofore compreision ; 
and gb upwards towards the joint, therefore compression; as our 
figure is a clo>ed one, we having arrived bact at the point of start 6, 
the joint is in equilibrium. We next examine Bimilarly the joint at 
apes and at centre of horizontal tie. The joints to the right will be 




stmikr to the correspoDding left-hand joints, as the tniBsis UDiformlj' 
loaded. Figures 214 and 215 are similar to 213, the only difference 
being in the increased pitch of the rafter. 
When we analyze Figure 216 we first take the joint ^ B at foot 




of rafter; nest the joint BC immediately above; next the first 
joint along tie-rod; next the second joint along rafl«r r.nd so on. 
Figures 217, !1B t and 319 arc similar. Figures 220, 221 and 222 will 
■ AnclB ol nf ter (or BDEle Z) In Plgare 2IS la 2(t'30'. 
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present no difficulty ; nor will Figures 226, 22 7 and 228, but in the latter 
three we find that we cannot follow the above rule of passing from a 
joint along rafter to one on tie-rod ; for we begin at joint A B 




(Figure 226) and find the strains B S and 5 0; we next pass to 
joint B C and find the two unknown strains C R and R S ; were we 
now to pass to the joint at the tie-rod, we should find it impossible to 
continue, for there would be three unknown struns, namely, R N, 




iVJl/and MO; but if we pass first to joint CD we find the two 
unknown strains D N and N Ry and then going back to the joint at 
tie-rod, there remain only two unknown strains NM and AI O 
which we can now find. 
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Figure 323, we will Bud, presents a OilBtulty at the joint C D and 
tbiB tmss, in effect, cannot be analyzed by tbe same method u the 

We be^n at joint A B ami find llio uuknown ilraioi B L and 
Z, O ; we pass to ihe joint D C und find ihe strains C M and M L ; we 
now pass to first joint along liu-rod and find tbe strains M N and 

NO; we now pass to joint CD but find three 
*"Fi"uro°»a3. ""''i"""> 'trains D S, S R aad R N; we try Uie 

second joint along lie-rod, but this, too, has three 
unknown strains Nit, R (7 and UO; so h^ve all tlie other joinis, 
we are, therefore, completely stopped. We reason, however, that 




the duties of L it and Af JV, are apparently the same aa those of 
T S and S R, namely, to truss transverely the long (half) lengths of 
rafter. As the loads are the same on all joints we will assume tliat 
SR =MN and TS^LM. 

We can now continue our work, for at joint CD Ibero only 
remain two unknown strains D S and R N. Passing lo the second 
joint along tic we can continue, for, A'R being now known, there 
only remain the two unknown strains R U and U 0. 

This method of reasoning is correct, where loads are uniform and 
the rafter dividi:d into four eijuat panels ; were this not the case, we 
should have to find the strain on R N first, an<l by one of the methodi 
ibown in Figures 22^ and 2336. 
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In tbe fonner we uatuae (temporarilj) that the intennediAte 
panel* or joint* do not esut. 

Wt Uke care l« reproportion our load* on the jcrints, at property 




rafter, where before there 

Wi! ni>w find the strdn on R A' without any difficulty by drawing 
11 M-[mrtttu HtraiD di^iram Bitnilar to the one showo in Figure 220 and 
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hkvinff found the strain on R jV we proceed with our origioiil stnun 
dii^am annexed to Figure !23. 




Or, we will aatnine (tcmportu-il}-) that Figure 223 is altered to 
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buve three struts as shown in Figare 2236, taking care to keep R N 
the same, and the divisions of rafter the same, the loads on joints 
will therefore not be changed. We now find R N without difficulty 
by drawing a separate strain diagram on the principle of that shown 




in Figure 226; and having found RN proceed with our original 
strain digram without difficulty. 

Figures 224 and 225 are similar to Figure 223, excepting the incli- 
naUon of main rafters, and angles between rafters and tie-rods. 




Figures 213 to 219 are best adapted to wood, or wood and iron 
construction ; while Figures 220 to 228 are best adapted to iron con- 
struction, they being on the principle of a pair of inclined trussed 
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beams tied together at one point and there taking up the horizontal 
thrust due to the inclination. Sometimes, if more convenient for 




riG. aj^a 



f 



securing roof beams, etc., the principals are made of wood, the 
balance of truss usually being of iron. 
There are, of course, many different truss designs, based on those 
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given in Figures 213 to 228 and they can be similarly analyzed. 

Figure 229 shows a ** Howe " truss with six bays, 
Howe Trusa, .^ ^jjj present no difficulty in analyzing. 

The central vertical member is not needed unless the weights are 
placed along the bottom chord, in which case it will be needed to 




O 

PIG 230 
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id 
e 



transfer the load to the top, and all the other verticals will be 
increased over the strains shown in diagrams by the amount of their 
respective loads on bottom chord. 

This truiss is fre(juently drawn and used upside down from that 
shown in Figure 220, in which case all the strains will be reversed 
(svti Figure 230), those in compression in Figure 229 becoming 
teuHion in Figure 230 ; and those in tension in Figure 229 
becoming compression in Figure 230. It will also be found that the 
central vertical member is needed, if the loads are placed along the 
top chord. If the loads (in the reversed truss. Figure 231) are placed 
along the bottom chord the central vertical will not be needed, and 
as the loads wft be taken up to the top chord by means of the slantini; 
tief» it is better in this case to make a strain diagram with the load 



irrow* in their right placu and as sUown iu Figure S3t. The end 
loads of this and eubsequenc tnisaes hsTe bei^n omitted, ob they do 





flC 231 

aCTeot the strain tliagrams, and 

ily 



of k 

It vlII be noticed that tlie i;l 
dii^Hm and each pu 



the 



1 Figure 229. 
difficulty in 






nc 231 



There is, however, 
analyzing this truss. 

In Figures 232 and : 
examples of the "Warren" truss,' 
Here, loo, it will be seen that the reversing 
of the truss reverses all the Gtrains. If 
the ionils were along the bottom ehords we should hare to draw tlie 
Warran Tniis. arrows in their proper places. Figure 235 gives an 
>-xaniple. In Figure 234 we have an example of a "lattice " truss. 
This cannot be analyzed unless we divide it into two reversed 
Lattice Trua& Warren trusses as shown in Figures 232 and 23-1. 
We analyze each of these separately, and tlien imagine Uicm laid 
over each other, adding tj^etber the separate strains, where they 

If there were vertical members in Figure 234, we should analyze 
it by dividing it into two reversed Howe trusses, like those in 
Figures 239 and 230. In this case our widths of pnnula would be 
the same as in the original truss, and we should use all tlie verticals 
in both trusses, llie loads therefore to be assumed on each of the 
joints of the ilividcd or part trusses should be onli/ one-half of the 
original loads. The " Whipple " truss is on the Howe truss principle 

HHii ■ • — '"'li verticals bisecting the diagonals. This truss 

wnippi* TruMi ° , „, , . 1 

can be analyzed same as the Warren latticed 

<Tlielrno"WuTen"truM usually lnwlbodlRBonklii drawn at flO" inellnii tiuu. 
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truss, by dividing it into two halves, eaoh having every other vertical 
and every other diagonal, and consequently a full load on each joint. 
Arched trusses are usually built up of a series of panels formed on 
the Howe or Warren or latticed truss principles, the only difference 
being that their top and bottom chords instead of being horizontal, 




riG . 232. 





f|G.232a. 



PIG. 233 a 




NO STUAIN 



(pcp(Piq)®(p(pq)(I) 

i B 1 c i d\1 E 1 r T G T M T J I 




are made up (or assumed to be made up) of a series of straight lines 

at different inclinations. They are analyzed without difficulty, where 

they do not have horizontal tie-rods or abutments to take up their 

horizontal thrusts. 

Figure 236 is an example of an arched truss built on the Warren 

Arched principle. It will be noticed that the struts B F 

Trusses, and F are shown as if coming to a point. If 

this were done in practice the truss in all probability would not have 
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flufiicient bearing. We should, therefore, enlarge the foot of truss, 
by means of heavy plates and angles, but our calculation will have to 




riG. 235 




nG.235a 



X 



I 




M 



(D 



'""r"'"T""'"'ci 



PIG. 235 b. 





riG. 235 ai 



no 235bi 



be/nade as drawn, or we will find the analysis of the truss impossible 

Figure 237 shows a latticed arched truss, built upon the Howe 

principle. This we separate into two reversed Howe trusses, Figures 
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288 and 289 and find no difficulty in analyzing the strains. We 
muiit remember, however, to use only half loads at each joint. 

In separating the truss we note that in Figure 239, we have the 
additional tension member J I (see Figure 229) ; and in Figure 288 
the members KJ and 
IH are in tension in- 
stead of in compression 
as they were in Figure 
230. These changes 
are due to the fact that 
the upper and lower 
chords are broken in- 
stead of straight lines, 

Had the truss been 
a Warren latticed 
truss, we should in 
separating find that we 
had only half t h e A , 
number of joints and 
hence would use the full 
load on each. 




PIG. 236 a 



r 



Where there is a horizontal tie or abutment to take up the 
horizontal thrust of an arched truss, we must find the amount of 
this thrust by the rules given at the end of Chapter I and at the 
beginning of Chapter V (both in Vol. I). Having found this we 
draw an arrow at the foot of the truss in the proper direction to 
represent this tie (if a rod) or thrust (if an abutment) and then 
proceed to analyze the truss without difficulty. 
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In Figure 240 we have what is known as a " scissors " truss. It 
can be built in either wood, or iron, or a combina- 
tion of both. For small spans it is a cheap truss 
where a vaulted ceiling is needed. If we attempt to analyze this 
truss in one strain diagram, as is done in Figure 243, we first take 
the lower joint A B and find the two unknown strains B G and G 0. 
At the next joint B C there remain three unknown strains, we 
therefore abandon it for the present and pass to the joint at the 




nC. 237 



apex, here there are but two unknown strains 2>«7 and JC and we 
find them by drawing in our strain diagram Figure 243 the lines dj 
andy c parallel to them. 

Having now found the point j in the strain diagram there is no 
difHcultv witli the rest. 

This truss is really a combination of two trusses ; we might build 
it by dividing it horizontally along the line J H as shown in Figure 
240. We should then have a bottom truss with two inclined struts 
B G and E K, and one horizontal strut J II and two ties G O and 
A' 0, the loads on the joints B J and J E will each be increased by 
half of the apex load. Over this truss we should have another 
truss, with two inclined struts J C and DJ and a horizontal tie 
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JH, This truss transfers its load to the lower truss. Now the 
remarkable thing that we have discovered is that the member JH ia 
at one and the same time both in compression and tension. If we 
analyze the top truss separately (Figure 241) and also the bottom 
truss (Figure 242) we find that the compression greatly exceeds the 




riG. 238 a 

tension; the member, however, should be designed to resist both, 
having straps at the ends, sulBcient to take up the tension. The actual 
stress in the member itself will, of course, be the difference between 
the two, and by referring to our single strain diagram (Figure 248) 
we see this clearly, for hj is the difference between ho the total 
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^compression and/ o the total tension. Usually there is a holt at the 
joint H connecting the two ties. This is done, as, when the wind 




@ 



nG.239a 




O 
FIG. 240. 




i<:» 
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blows from one side only, the tie pointing to that side becomes a 
strut and is stiffened by being reinforced at this joint. 
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Fi^re 244 represents what is known in Gothic architecture as a 

" hammer-beam " truss. We can analyze this truss 

***h!»'"*T *** ^^^ ways, first (Figure 244) assuming that the 

wail takes up the thrust of the truss, due to the 
absence of any horizontal tie ; or second (Figure 246) we can con- 
sider the truss as composed of two inclined trussed rafters united at 
their upper joints and so taking up their own thrust. 

The latter method will require a very much heavier truss. 

In the latter case the semicircular member in the central panel 
becomes a tie, but the two lower quarter-circle members do not act 
at all, while in the first assumption the reverse is the case, the two 
lower quarter circle members acting as struts, while the semicircular 
member has no duty. In either case, however, these members come 
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into play under wind-pressure calculated from one side only; it 
should be remarked here that when drawing the strain diagram all 
curved members must be assumed to be straight — (as shown at Z 
in Figure 214 and at 7 and TO in Figure 246). Of course, the 
stress to resist the strain thus found will be greatly increased when 
the curved member is called upon to do the same duty as a straight 
member. The increase in stress is equal to that produced on a beam 
of the length of the curved member with a hending-momeni at its 
centre equal to the original strain multiplied by the (longest) versed 
fcine of the circle, or : 



Increased stress 
In curved 
membersi 



m 



s.x 



(129) 



Where m= the (cross) bending-moment, in pounds-inch, exist- 
ing in a curved strut or tie at its centre due to longitudinal strain. 
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Where s = the calculated longitudinal strain that would come 
on the strut or tie if it were straight, in pounds, per square inch. 




FIG. 245. 



J 
k 
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Where x= the length, in inches, of the longest versed sine of 
the curve (at the centre.) 
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Inserting these values 
of resistance to this benJi 



ud the additional 
tbe bending ■omen t. 
Eiampit I. 
A Georgia pine anil u 10 foel long 
imeofurrd an a Hmigkl line) 6ut u citrrtd, 
BumptaOf '*' rfrtrd tine at cenlTt 

cwnatf ■tnit. being t>> inches. It rtsiiU 
a eoiaprttsion ilrain of 15000 pounds. 
What ri=f itrat it required f 

The beoding-momenl at ceotre will be 
Formula (1!9) 

m = 1 5000.20 = 300000 pounds-inch. 

The safe modulus of rupture/ -^ ) for 
Georgia pine (Table IV) Is 1200 pound). 
Formula (18) we have Ihe required moment 
-moment : 
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From Table I, Section No. 2, we have for a rectangular cross- 
section 

r ^ -1— therefore 
6 

^J^= 250, and 
6 

6.c/a==1500 
If now we make d = l2 inches, we should require a width 

. 1500 ,^.. , 
= — - =t= 10,4 inches. 
144 

It should be noted that d must always be assumed in the direction 
of the versed sine, that is resisting the bending-moment. 

We must now add sufficient material to resist the longitudinal 
compression. As the strut will evidently be nearly square, 12 inches 
will be our least diameter, inserting therefore values in Formula (8) 
we should have (assuming the ends to be secured by bolts only) : 

iti/\i\/\ a. 750 

15000= r-^zxTTTT^;^^ or, 

- , 120*.0,06067 * 

"^ 12 

a = 36 square inches. 

Now M a^b,d and d having been fixed at 12 inches we should 

have, 

ft = U = 3 inches. 

Adding this to the above we should require a strut, 

12 inches X (10,4 + 3) = 12 X 13,4 

In practice we should probably make it 12 inches X 12 inches. 

Example II, 

The lower chord of a wrought-iron arched truss is 

■iampl« of made of a channel iron. At one panel the length be- 
curved tie. / . . ^ , . , 

tween bearings ts 5 feet ; the tension 86000 pounds , 

the versed sine of the curve ^ inches. WhcUsize channel is required? 

The bending-moment m will be 

m = 86000.6 := 216000 pounds-inch. 

Inserting values in Formula (18) we have required moment of 

resistance 

216000 __g 

12000 

The additional area required to resist the direct tension will be 

36000 o • u 

a = t-ttt;:^ = 3 square inches. 
12000 ^ 

We now consult Table XXI. We take the neutral axis normal to 
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our .M."^* :i:i«i irdTr r ' b:ri:.:Q:allj an-i ' i rarall^ri :o tii«- «;rai:ihc 
li:ie '-v-— i-?<--rz "^-'i L2'-Ii:i«eti <tr^- Li Florin? 24-t) we shall have 
tae jtrj.N :i: .': '/-v. l.:r.-n:c:Al 'Jittl^z r ;. We oan now make «efarate 
5CrA.*t A jli-a:^:^ f-'f *^- -irrer A2«i lower crijs^f:*. :n which ca.^ we 
^.- ^.. r -\ 1- • r -"v u-'Her iri*:* :herv <»xi^5 a tt^a-^ioa t-3>; erial to 
• »• :-! :Ix* x'e2i">fr F ■-■ A='i ::c — ^ I^/wter tms:? ;h<rre exist* acorn- 
rrv>sior' = :-'. ^••■^i* "- - - '^^ =i-r=:":^r P O. In other word* there 
: -w ^ <--J<< • -* • ■ r'ji:* :- :'--i~7Tnei ':r crAwiz^ the combination 
diJC'A?- r.:^'--e -41"' wl:er\ y ±"i :jl11 cci the same p'Om:. 

r:... -*-. J. <--a"-- • < -v^'AI TTj/ch c-h-^r i< «i-e :o the d€<i^n of 
thv !- :v< ji" I ::- rr:-—- 1 <* lir.^. W,ere :he ie^i^ of :he parts less 
*'^«xv':rioA:. ;- V-: :• -^ *i " '^ >>z::iin:r:v.M:. :r the wiz i on one side 
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In Figure i 



hL-re wc consiiler the wall ng incapable of labiiig 
Truuwiinout up tbe ihrust, and the truss has lu take care of it 
abutment, jig^if^ jj wju t^ found that thia horizonw! weniber 
(now called P Y) is in lenHion. 

The drawing of the strain dia^Eun (Figure 24S) preaenta no 
difficult]', but it will be seen that nearly all tbu strains on the truss 
are very much larger. 

The actual thrust of the truss Figure Hi on the wall vill be 
parallel to and equal to a o of Figure 34S. To resist it there must 
be treight enough to deflect Ihiu line BufTiclently not to overturn the 
wall. This subject was thorougldy treated in Chapter V, Vol. I, 
under the bending " Arch with Abutment." 

The analysia of strains duo to wind pressure, when token 
Bcparattily on one tide of the roof only, and at right 

™'.mi?S™". "Sl" "■ ■■"•' » """'' "• ■•"° ■■ '"'• ■^"^ l""^-. 
excepting that Uiu load line is no longer vertical, 
and is drawn therefore parallel to the wind arrows (that is, at right 
angles to the main rafter on which wind blows). Where the roof is 
a broken one the wind load line ia broken also, its different parta 
being proportioned to the amounts and parallel to the directions of 
the wind on the different parts. 

It will be readily Been that the left and right 

'unMUBi* '■■^"•^ ''""'' ''"'' '" '*>* wind cannot be equal, and the 

cotculationof these reactions offers the only difficultv. 

Let us taki.' a truss similar to the one shown in Figure 240 and 
overlooking the steady or dead load assume that the wind is blowing 
from thu right hand side. Its effect will be as shown in Figure 34D. 

The pressure on the apex or if £ will be equal to half the length 
of rafter BG multiplied by the proiluct of the distance between 
trusses and the wind pressure per sijuaro foot, as given in Table 
XLIV. It is indicated by the arrow A B. The pressure in the 
middle joint — indicated by arrow B C — will be thia same (latter) 
[>roduct multiplied by the sum of half the length of BG plus half the 
length of E C. The pressure at the foot — or arrow CD — will bit 
the Rsme product multiplied by half the length of E C. The 
rcoclions at p and q which resist this wind pressure will evidently be 
in thu opposite direction to the wind, or slanting, as shown. If, 
therefore, the truss and dead load is not heavy enough to suiEciently 
dellect these reactions, there would need to be bolts or buttresses at 
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p and q to keep the truss from sliding-off the wall. This will be 
explained at the end of the chapter in speaking of spires. 
We now have the amount and direction of wind pressures and 





FIG 249a 



direction of the reactions, but we do not know the amounts of the 
reactions, as they evidently cannot be equal. 
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If we im&^ne tlie neutriLl axis of the entire ninJ pressure, that u 
tlie entire wind pressure concoDtrateil at tiie point 1 at tlie centre of 
the length of rafter, the eficct, so far as reactions are concerned wlU 

We now draw the horizontal line P Q connecting the feet of rafters, 
prolong the ceotralixed wind pressure (or neutral axis) arrow 1 
till it intersects P Q at 2, then will the reactions P and Q be invcraelj 
aa the divisions of line P Q; that is, if PQ = I and P3 = m and 
3 Q^n and the whole wind pressure = ur, we should hive 



Amauntorwintf n^=- 



(ISO) 



»=^" (111) 

Where p::= the amount of (slanting) left reaction, in pounds, 
due to wind pressure. 

Where 71= the amount of (Hiauting) right reaction, in pounds, 
due to wind pressure. 

Where / = the length, in inches, measured horirontally between 
centres of feet of truss. 

Where in and n ^ respectively, in inches, the lengths into 
which the horizontal line is divided by the prolongation of the centre 
line (or neutral axis) of wind pressure, m being nearer p and n 

The analogy between these formulie and Formuln H to 17 should 
be noticed. The analyzing of the strains l>y means of the diagram. 
Figure 240a will present no dilticully. We draw 11 A parallel and 
eiiual the pressure A B ai the apex, hc^B C pressure at central 
joint and cd-^C D pressure at foot. Along this load line a c( we 
now lay ofi in opposite directions the reactions, niuuely, 
rfo=flOor reaction 7 

oa-^0 A or reaction p. 

We first find the strains on the foot joint O A by drawing ahoa, 
then skip to the apex joint and drawai^a; the rest presents no 
difficulty. 

It will be noticed that the effet't of the wind is to reverse the 
strains on two piei'es. 

The upper part of the rafler on the side on whifh the wind is 
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blowing is now in tension, whereas in Figure 240 it was in compres- 
sion ; further the tie H O now becomes a thnii»t member opposing 
the windy where before it was in tension. 




FIC.250. 




nC.250a 



Had we drawn the wind on the left side of truss the calculation 
would have been similar. The direction of p and q would have been 
from right upwards to the left; p would have been the larger 
reaction and we should have found the strains same as in Figure 240, 
except on A G which would become tension and on H F (or E) 
which would now become compression. It is not necessary to make 
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more than one wind diagram, therefore, where both feet of the 
trusses are bolted down. 



C / 




na25la. 



If, however, one foot only were bolted down and the other foot 

were placed on rollers, to allow for expansion and 

rus»w^^^^^^ contraction, we should have to make two diagrams, 

with the wind from left and right respectively, as it 
makes a decided difference to the strains as shown in Figures 250 
and 251. In Figure 250 the wind is from the right with rollers 
under the left or opposite foot of truss; in Figure 251 the wind is 
from the left and the rollers are under the left (or same) foot of 
truss. It will be readily seen that in both cases the (left) roller foot 
will not oppose any tendency to slide due to the wind, the right 
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foot must therefore be bolted down to resist this tendency in both 
cases. "We can readily see therefore that in Figure 251, the member 
HF or O E must be a brace to keep the truss from sliding towards 
the right foot, whereas in Figure 250, it must be a tie to hold back 
the truss from sliding away from the right fooL The strain diagrams 
will show this to be the case. To obtain the reactions we proceed as 
before, so far as the central wind pressure (^) and lines P 2 and 2 Q 
are concerned, but it is evident that the reaction P will be vertical, 
while the reaction Q will no longer be in direct opposition to the 
wind as shown by dotted line, as it is deflected from this line, owing 
to the horizontal (shding) strain to be taken up from the other foot. 

AVc therefore draw in Figure 250a the load line abed sls before, 

also the reactions dOt = q and o, a =p» Through a 

Wind oPP^»'JJ^_ draw the vertical projection a o of a o, — (that is 

draw o, o horizontally and a o vertically) — then will 
o a bi^ the amount of vertical reaction p and d o the direction and 
amount of vertical reaction q. The rest of the strain diagram is 
cattily drawn, remembering to take the foot joint first and then to 
skip to the apex joint 

To analyze Figure 251, it must be treated in exactly the same way 
Wind on roller ^^^ *' offers no difficulty. We notice that Figure 
side. 250 has strains similar to those in Figure 240 except- 
ing the upjHT jMirt of rafter on the wind side, which is now ft tension. 
In Figure 25 1 , however, things are greatly changed. The upper end 
of rafter In'oomes a tie, both ties become struts and the short strut 
(r /•' (or ./ // in Fiirure 240) now becomes a tie. 

Winil strains and sti*:i«ly loads can be calculated from one strain 
in diaixram, as shown in Figure 252 and Figure 252a. 

Wind nnd load 'pi,jj, \^ ^ combination of the conditions obtaining 
Inonedlagrann. " 

in Fiv:ures 240 and 241) and the strain diagram of 

tlieir n'spective strain dia«jjrams» Figures 243 and 24t)a. By simply 
fnllowinjx around the arrows, as there shown (first obtaining the 
nniounis of .1 /> iuu\ K (i) the diagram offt-rs no difficulty whatever. 
If UM actual example were figured out, first se[)arately, as shown in 
|'i;;ures 2 10 and 240, and then in combination, as shown in Figure 
2.1 2, tlio ri'sult would be the same, remembering to make all com- 
nn'ssive strains j>ositive and all tension strains negative and to 
olttain the arithmetical result of the consequent additions or sub- 
tractions. A practical example will be given in the next chapter. 
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Where the roof rafter or top chord of a truss is not in one straight 
line, but is made-up of a series of differently inclined lines, as in a 




riC.253a 



broken roof, or in a circular or arched truss, the wind pressure will, 

of course, be at different angles too, each at right 

^'w^ ^nP ^ M angles to its resixjctive surface. Wo can in such a 

case, work out separately the reaction due to the 

wind pressure on each surface, and then obtain tlie resultant 
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(reaction) of all these lesser ones, as explained on p. 71, Vol. I, or 

we can combine them all into one diagram. In Figure 253, we have 

a mansard roof with wind pressure from the right. We draw the 

neutral axis (or central lines) of wind pressure on each rafter pro- 

lonsc them to their intersections with the horizontal and can thus 

figure out the respective reactions due to each. In the strain 

diagram Figure 253a we now draw c e parallel and equal to total 

wind pressure (3) on rafter FD; and a c parallel and equal to total 

wind pressure (1) on rafter B G, Draw e a and it will be tlie 

direction and amount (sum of) the actual reactions. Now to get 

each reaction separately make e o„ = to reaction q of wind pressure 

(3) on FD; and c o, = to reaction q of wind pressure on G B ; of 

course o^^ c and o^ a will equal the reactions p due to the respective 

wind forces. Or we might divide e c and c a so that 

« o„ : o„ c = P 4 : 4 Q 
and 

CO,: o,a = P2: 2 Q 
TVc now draw o„ o parallel c a and if we have drawn correctly o o, 

must be parallel ec. Having found o the rest of the diagram 

presents no difficulty. We make ab=z A B or pressure at apex ; 

bc = B C pressure at joint C due to wind on G B ; c d = C D 

pressure on same joint C due to wind on F D and finally d e-=.D E 

pressure at foot and proceed with the other lines. 

Were we to make a strain diagram for a steady load on all joints 
we should find similar strains on all members except / H, This is a 
compression member of the truss, but becomes subjected to tension 
when the wind blows from the right. 

Similarly G F would become tension if the wind were from the 
left. 

We will consider the tendency of wind to overturn roofs, and this 

can best be done by calculating one or two practical 

wind tendency examples of steeples. Before doinjj this, however, 
to overturn *■ * r 

roofs, the student should be warned to always arrange for 

wind braces, that is, diagonal ties between the trusses 
and in a plane at right angles to the trusses. The object of these, is 
to make all the trusses (that is the entire roof), act as one mass and 
thus keep the wind from blowing over each truss individually, and 

thus collapsing the roof. The arrangement of these 
Wind braces. ^j^^ varies with circumstances. They are usually 
placed immediately under the roof surface, that is, from foot of 
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one rafter to apesL ol next rafter on each side. If the rafters are 
long they are plained diagonally in the individual panels. Sometimes 
a longitudinal truss is made the entire length of ridge, by wind 
bracing from both Hides of each apex to centre of each neighboring 
main tic. 

ExftmpU III. 

A wooden, sla(e<overed steeple, 27' 6" high, covers a 24' square 
brick totcer. The walls are 16" thick at the top and the steeple is 
anchored down four feet into the walls. Is this sufficient to keep it from 
blowing over f 

It makes no difference just how the anchoring is done, it can be 

either by means of iron anchors bolting the plate 

Wooden down to the masonry below, or by means of wooden 

trestle work built inside and against the walls, which 
will also force the steeple to lift the walls from their bearings, before 
the steeple can topple over. 

The wind pressure on one side of the roof will be the area of this 
side multiplied by 40 pounds per square foot (see Table XLIV) and 
it will a<*t or can be considered as centralized at the centre of gravity 
of the side, which, being a triangle would be at one-third its height, 
or at D in Figure 254. The length of rafter will be 30', therefore 
area of one side = 30.12 = 860 8<iuare feet, and wind pressure 
i«W>^^ 800.40 = 14400 or say 15000 j)ounds total wind pressure 
which we eonsidor as eentralized at D and normal to rafter. Resist- 
in;^ this, we have the dead load, that is the weight of steeple and of 
the niaMHiry as far as steeple will have to lift it. 

Takiii;^ the wei;;lit of steeple at 20 {muiids j)er square foot (making, 
of eourse, no alK»wanee fi>r snow) and weight of brickwork at 112 
pounds we have weight of (four sides of) steeple, 
-^ 4.a(;o.'2() = 28800 pounds. 

Weij^ht of masonry 

- - 4. ^^}.{ _. 1 i).4.H2 = 51208 pounds, 

or total (lead (vertical) load = 83000 pounds.' 

W'r now draw c a paralUl and =^ 15U00 pounds, the wind pressure; 
and (/ // vertically and - : 83000 pounds, the dead load. Draw c b and 
from intersection (! of /' O with the main vertical neutral axis of 
the deatl load draw (i K parallel ch till it intersects the horizontal 
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joint line A B, which we draw four feet below the tops of walls or at 
the anchor level. We now use Formulse (44) and (45) to obtain the 



extreme edge strains at A and B, 




J^Oi 



^/6. 
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nc.254. 

We have these values : 

p = the pressure =zcb=z 91000 pounds. 

x=M K=IS" (by measurement) 

(/ = ^ 5=24.12 = 288" 

a = area of wall at ^ J5 = 4.16". (288 — 16) 

rr: 1 7408 Square inches. 

We have then for pressure at nearer edge B 
__ 91000 ,g 18.91000 

r7408 ' '17408.288 
=:-|-7,21 pounds compressive pressure, per square 
inch ; and at A 

_. 91000 _g 1 8.91000 

~ 17408 '17408.288 

= 4- 3)2^ pounds compressive pressure, per square inch. 
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If the Utter Talue had been a negatiTe one, we should have had to 
rely on the quality of the mortar not to tear apart at A and thus 
allow the steeple to falL It would be better, however, in such a case 
to carry the anchoring process further down, and thus gain more 
dead vertical load to resist the wind pressure. 

Example IV. 

A square stone steeple has 12'' stone sides at the top ; 19 feet from 
the top vertically^ the length of side is 12 fe^t. Is the steeple safe against 
wind pressure at this point f 

This example is intended to show that we can 
examine any point of steeple similarly to the manner 
of examining the base. 

In Figure 255, -4 D measures 12 feet = 144" ; MC= 19 feet and 
CD scales 20 feet, hence area of each side = 6.20= 120 square 
feet, and weight of each side approximately = 120.150 = 18000 
pounds and weight of four sides or vertical load = 4.18000 = 72000 
pounds. 

The wind pressure will be 

= 1 20.40 = 4><00 pounds and will be centralized at B 
or one-tLird the height of A C. 

Wo draw B G normal to -4 C till it intersects C M at G. 
Make a 6= 72000 ].K>iin<ls and vertical, draw c a =4800 pounds 
and parallel B G and draw a h which scales 74<">0 pounds. Draw 
G K j>arallcl c h and wc find AT is 4'' distant from centre of joint 3/. 
The area of joint is = 4.11.144 =0336 s<|iiare inches. We have, 
therefore, presi^ure at nean-r ediic of joint i), 
__ 74000 4.740t»0 

~ "(>33«; ' '*<;33<i.'l4-l 
= -|- 13,ti5 pounds, per r?qiiaro inch, 
and at ed^e -I 



*e 



74000 4.74000 

03;J<; * 6330.144 

= -|- 0.7."» poumls |H'r s«|uarc inch. 
In a similar manner wo niiglit examine any other joint of the 
steeple. 

It will ])e found that at the very top or near it the greatest danger 
exist?. The finial frecjuentiy exposes a larue surface to the wind 
and almost at right anirles to the vertical dead load, deflectinor this 
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line much more in proportion. Then, too, the mortar is so much ex- 
posed that it cannot be relied on. For this reason there is placed 
usually a vertical iron tie-rod from the finial to some point below, 
frequently even below the springing line of the steeple. This 
arrangement is all right, provided the rod is properly put in. The 
writer has seen ponderous rods 2" diameter or more and perhaps, 
fifty or sixty feet long, intended as tie-rods, that had become so 
loosened by contraction and expansion that they could be easily 
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swayed back and forth by the hand. Hence their only service was 
their own dead weight. 

The way to put in such rods is to leave the lower end free to move 
Vertical tie- vertically, that is up and down, but secure it against 
rods In steeples. 1^^^^^^ movement and then to attach to the lower 

end a heavy weight, proportioned according to circumstances. 

In figuring the allowance for wind it is customary to take only one- 
half the usual allowance for circular or surfsices 
an^sfor slanting to the direction of wind. This is done 
different because they offer less resistance than a flatly 
opposed surface, allowing the wind to slip by more 
readily. In a circular steeple we should take as our area the half 
cm;umference of base multiplied by the length on the rafter line and 
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mnhiplr this hx onlr oee-half the presrare for innd as given in 
Table XL IV. This nsoallj would be 30 ponndi per square foot. 

For an octagonal roof we should assume full pressure on the 
central surface and onlr half pressure on the two side surfaces. 
Where the octagon is a regular one, this would amount practically 
to assuming double pressure on one surface onlr. 

There is no danger of a steeple blowing orer diagonally, as the 
sides would in such a case present slantii^ surfaces to the wind, 
allowing it to slide off readily ; and besides the base line, being the 
cKagonal of the square, would be so much longer. 

On vertical (wall surfaces) the writer usually allows only for a 
maximum wind pressure of 30 pounds per square foot, for. as a rule, 
they (or part of them) are low down near the ground and therefore 
not exposed to the full force of the wind. 
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WOODEN AND IRON TRUSSES. 



IN Figure 256 we have the design of one-half of an ordinary king- 
post truss, with three bays to each principal rafter. Figure 257 
gives the strain diagram and Figure 258 the design of the truss in 
detail. The length of principal rafter is 25 feet 6 inches, therefore 
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length of each bay 8 feet 6 inches. The trusses in the building from 

which this example has been taken had to be spaced 
Large spaces f^r apart — 19 feet from centres — on account of 

ceiling and skylights; this, however, is not an 
economical arrangement, as it increases not only the sizes of the 
truss members, but of all the purlins as well. The weight assumed 
was 55 pounds per square foot of roof surface, being made up as 
follows : 



Slate, 

Plaster, 

Boards and construction. 

Wind and snow. 



7 pounds. 

8 pounds. 
10 pounds. 
SO pounds. 



Total 55 pounds. 
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Tbe «1ale »«* tho ordinary rooting slate ; it tho dmta uwd had 
been called for of even ihlokneds sd<] i inch thicit Uie allowauce 
would have bven 10 pounds. 

The weight of " Boards and coDgtrucUoQ " was (.'Jtimaled and not 
checlied off, io Uua i-as«. In iin[«rtaiil constructioiis and particu- 
larly in ironwork, ihia should be turefully wc-iglieU up. 

ITiu load on each joint of our truss was liitireforc : 
19.8}.SS=:8882 pounds, 
or say 9000 pounds on eaeli joint, exceptiuj^, of course, tlic joints at 
reactions which carry only half-loada. 
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The loads on the tnui being aymmetrical, each resctiou will be 
one-half the total load or 2T000 pounds. 

There is no difficulty in drawing the strain diagram, or in finding 
tbe BtresBes in each member, the latter are marked on Figure 2SG, 
the positiTe-l-Bign denoting compression, and the negative — i^ 

We now proceed to detail the truss. The principal rafter will 
evidently, though not necessarily, be made in one piece from foot to 

apex, the largest strain — at the bottom panel — 
BWBilInK will therefore determine its size. This is G840O 

pounds compression. The rafter is evidently a 
series of columns each 8 feet 6 inches long, or comparatively short 
columns ; for the struts brace the rafter ag^nit yielding downward ; 
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the loads and tie-rods keep it from yielding upwards ; and the purlins 
keep it from }'ielding sideways. The safe compression per square 
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Principal rafter. 
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inch orf Georgia pine (sec Table IV) is 750 pounds. Without bother- 
ing with the complex Formula (3) for columns, we 
will Q^sume that we can safely use 

( , ) == 700 ]>ounds in our case, 

\v<i rc(juirc then in the main rafter an area of cross-section 

D a =: - ^ . = 83,4 square 

700 ^ 

inches, 

or say a timber 8 J inches x 10 
inches. This we increase to 
10 inches X 10 inches to allow 
for cutting away at bolt-holes. 

If the ])urlins had not been 
placed directly over the joints 
we should have to increase this 
size to provide for the trans- 
verse strain in each panel. In 
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such a case we should have a beam 8 feet inches long, supported at 
both ends. The transverse load on tlie beam would not be the full 
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Tertical load, but only its resultant normal to the rafter, as shown in 
Figure 260. 

11 C D were drawn at any scale equal to the vertical transverse 
w -.. . . ^ load on rafter A B, draw E D parallel rafter, and 

V6rtlCai load rt r>t ^ 1 11 *-» V. 

on •lanting E C normal to same, then will E C measured at same 
scale SL8 DC represent the transverse load on the 
rafter A By the latter being considered as a beam of length A B 
supported at A and B, 

Returning to our truss; if it were not supported sideways by 
purlins we should have to greatly increase the size of rafter, to guard 
against lateral flexure, see Formula (5). 

The stress in tie-beam is 54000 pounds tension, the safe (-7 ) for 

Greorgia pine (Table IV) is 1200 pounds, therefore 

Tie-beam. 1 

required area 

54000 .- . , 

a = -— -- = 45 square inches. 
1200 * 

In a wooden truss the principal members are naturally of same 
thickness, therefore we should require 4^ inches x 10 inches to resist 
tension. To this must be added the necessary area for bolt-holes, 
transverse strain due to ceiling hanging to tie-beam, etc. In our 
case the beam was pieced, as shown at centre, and it was therefore 
rather heavily increased and made 10 inches x 12 inches. 

The struts were of spruce ; their size will, as a rule, be determined 
by the area of their bearing against the principals 
— so as not to indent these — rather than by their 
length as columns, though both should be tried. 

By making our larger strut 6 inches x 8 inches we get a bearing 
against the rafter of about G inches x 10 inches, or say 60 scjuare 
inches, this would make a compressive stress across the grain on the 
Georgia pine rafter of 

— — - = 233 pounds per square inch. 

Table lY gives 200 pounds as safe across the grain on Georgia 
pine, but we can pass the above as safe. It should be remembered that 

the action of crushing stress in short blocks greatly 

compression resembles that of an explosion. A short block or 

large blocks. ^^^ ^^ stone, if compressed, will fly off in the four 

directions normal to the four free sides, with sudden and great force, 
as if there had been an internal explosion. If the block is large 
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the centml fibres will lend to explode outwardly, while, of 
couTEe, ibi! Gbrea nearer ihe edge will tend to explode inwardly and 
aa a result the eentml fibres, meeting wilU the opposition of the 
external librea, will resist more compression tbao the}' would IE tber 
were free. This is eonlinneil br aetual experiment, where it ia 
(oiind that large blocks of the same material will resist crushing pro- 
IMJrtionately to a very much greater extent thftn will the smRll 
blocks. 

^Vhere, therefore, we are proportioning the sites of struts — or 
lat«r the sizes of washers — for tlieir bearing area, acroti the wood, 
we will bear the above in mind, and if the safe values for cru«hing 
across the grain, as given in Table IV, require unusual dimensions, 
wo will increase the amount of the safe value per square inch, as 
our judgment mny dictate. 

Now trying the strut as a column of spruce 6 inches x 8 inches, or 
48 inches area, and !) feet, or IDS inches long, we should have From 
Formula (3) the safe load : 
-8.fi30 



1 + 



lOK'. O.OOdSS 



= 13700 pounds, 
which is near enough to be safe. 

In calculating; tlie other strut we should find that as a column 
r. ini-be?x'; in.-lii-s an.l G l.,f.t 3 intht? lonj it pan sati-ly '■arry 
14400 pounds, the actual strain being 12000 pounds. For pressure 
across the grain against the rafter and main tie-beam we have an 
area of about 6 inches x 8 inches against each or 48 sijuare inches, 
tlierefore actual compression per square inch across the grain = 
3S0 pounds, which they can safely stand, as these parts are of 
Georgia pine and the crushing area quite large. 

We next proportion the sizes of tie-rods, which will be of wrought- 
iron. The safe tensional stress of wrought-iron 
Tl«*rada. being 12000 pounds per square inch we require 

areas as follows : 



U'OOO 
For the side rods, 

_ 5G0O _ 
~ 1 ^'000 " 



■^i 81"" 






Tlie rods being tirculur the principal rod would need lo be IJ 
inch ditiitieler and thi! t>ide rods J| inch ijiameier or say J inch. 

Wc &l?o place a small | incli diameUT rod In eaclt end panel to 
keep the lie-beam from sagging. The rods will all 
UpuianflB. jj^^,g ^ jj^j,^_ ^jj^j^ ^^j^ upset, or else lliey will not 
hav(' enough sectional area between the threads. In practice, 
however, it would be cheaper, wheru the rod* are bo amall and short, 
to (■nlarge their diameter and pay for ijie extra material, rather than 
to save this and have to pay for expensive blacksmith's work. 

Screw ends should only be upset where the material saved fully 
counterbalances the labor. 

We next proportion the washer?, they hear against Georgia pine 
and across its grain and should, therefore, be pro- 
Waahars. portioned at about 200 pounds per square inch. 

For the principal rod we will need, therefore, a bearing area for 
each washer of 

14000 .„ . , 

— ^^ 1 square incbes, 
200 ^ 

or say 8 inches x 8 inches. 

For the side rods wo will need 

— r=60Bquare inches, 

or about the same, we wilt therefore to save expense naie them all 
Alike. 

The lower washers are made to bear horizontally against both 
bead (or nul) and tie-beam, but the upper washers have lo be 
modelled lo bear against the slanting fide of rafter, and horizontally 
Against nut. It will also be noticed that the lower end of the 
washer is " loed'in " to the rafter to keep the washer from sliding. 

The wooden blocks which are screwed onto the rafter at each 

washer were made to allow for cutting awoy, to provide horizontal 

surfaces on which to rest the bridle irons which carried the purlins. 

It will be noticed that tbe princijial tic-beam is (lieced ut the 

centre. The cut or halving was made slanting, so 

" ' "tlrnbera. "^ "* f*"'*^" *"^''' 1"*" ^ ^"'' <*° """^ P"" against the 

other bulfi and all sharp edges, where sudden 

increase in strains would take pldce were avoided by rounding ofi, 

as shown. AVrought-iron plates were placed over and below the cut 

and sutBcienl l>olts placed each side of the cut, not to crush the 
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We Qov mcj: ftzll 4e<i^ ike foot-jointft. 

Tbe bearinz area reifiireii wnit fine be ftBiad; ve can lafelr pat 
T"'} pCQn«l« r«r !*;-:are xacii os Cowgia pine. 



xht grain. a:>i oor ioaJ a: each reactioa benig 270<M> 
poaa<i«. we neeti 

^1 35 fqnare inches of bearing area, and as the timber 

i* I»'t inchef wide, it wocM hare to rc*t oa its bearing for a len^h of 
13 J inche*. • 

In this ca«e, bowerer. we maile it ?4 inches, becaose the principal 
rafter bearing on the tie-beam so far from the mpport, it would have 
been apt to beo'l it. The left end rested on an iron column and was 
boltefl to it a« shown in Fi^re 25^. In Fignre 259 is shown the 
ri'^ht enri, which rented on and was bolted to a walL The latter was 
corbellcr*] out under the tru«« and capped with blue stone. 

We next provide at each foot an inclined boh, to hold the rafter 
down to the tie-beam and keep it from jumping out 
at oot- ^^ ^j^g strap, which it mi^ht do, if subjected to heavy 
transverse strainsi. We next ^toe-in ** the rafter to the tie-beam as 
shown, taking care to get enough bearing area and area ahead of the 
toe to keep it from pushing or shearing its way out through the tie- 
beam, or from Wing sheared off itself. In our case, however, the 
toe is made j^mall. the only reliance we place on it being to steady 
the rafter sidtway?. The rafter transfers all the load vertically 
across the tie-lK-am, we tiiall therefore need the same length of 
bearing area on the tie-beam, 13 j inches, as the latter needs on the 
wall. 

We more than get this hy means of the hardwood block, driven in 
tightly with its edirc grain against the rafter and tie-beani and held 
in jK)sition by screwed on blocks. 

We next calculate the strap. The strains coming on it are 

r)4O00 pouncls tension and resisting this 58400 com- 

strao. pression. 1 be U'>ser will, of course, be the one it 

must resist. The wi<lth of strap re(|uired not to 

crush the rafter must first be determined. The strap bears almost 

alon" the <'rain of the rafter, but not (luite, we will therefore reduce 

slightly the safe allowance ft)r compressicm along the grain as given 

in Table IV, and allow, say, 67u pounds per s(juare inch, we tlien 

rcduire ' = 80 siiuare inches, or the rafter being 10 inches wide, 

^ 670 ^ 
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a Strap 8 inches wide. The thickness of strap should be sufficient 
not to shear off, we have two shearing areas one at each angle or 

— -— =27000 pounds on each. The safe shearing stress on 

it 

wrought-iron being 8000 pounds per s(|uare inch (see Table IV) we 
need an area at each angle =: - -_ = 3 J square inches. The strap 

being 8 inches wide would therefore need to be about ^^ inch thick. 
It was made \ inch, however, as in this case, it was doubtful whether 
the ironwork would be of a high character. Now each side of the 
strap will have to withstand a tensional strain of 27000 pounds. 
While the safe tension on wrougbt-iron in Table IV, is 12000 
pounds, in this case it was assumed at 9000 pounds only, or the strap 

needed a sectional area = = 3 sciuare inches. 

yuoo * 

The strap being \ inch thick, would therefore need to be 6 
inches wide, to which must be added 1 \ inch to allow fur bolt holes, 
making the strap 7^ inches x ^ inch. We now settle the number of 
bolts, which we will make 1 inch diameter. 

The safe shearing on a 1 inch bolt will ba = ^^.8000 = 630O 

N b«ror pounds. Each bolt has two shearing areas, one at 

bolts, each end and will therefore resist 12600 pounds. 

The total strain being 54000 pounds, we need - - = 4,3 or say five 

bolts to resist shearing. 

For bearing we have an area 1 inch diameter by \ inch thick 
against the strap at each end of each bolt, or just one square inch 
bearing area against iron to each l>olt, which will equal a Fafe 
resistance to compression of 1 2000 pounds per bolt, we need therefore 

= 4,5 or say five bolts to resist the compression of the strap. 

The bolts also bear against the Georgia ])ine tie-beam and tend to 
crush it along the grain, the safe re>istance of the wood being 750 
pounds per square inch. Each bolt bears against 1 inchx 10 inches 
or 10 scjuare inches of wood, and will safely bear therefore 
10.750= 7500 pounds. We need therefore, to avoid crushing the 

wood -=-.-,- = 7,2 or say eight l>olts, which is the number shown in 

drawing. 
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We will now similarly analyze an iron trass. This, the same as 
the above wooden truss, is not intended so much as a guide in design- 
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b Iron truss. 



ing, as it is as a guide in analyzing the details of each joint. Every 
truss should be designed with reference to its special duty and 

position, and joints should be designed in 

each case to be made up as 
simply as possible. 
The designer should not hesitate for fear 
of criticism as to novelty, to make his truss 
or its joints of any shape that may be most 
convenient, bearing always in mind, that 
J the simpler the ]>art8 and the nearer to 
standard sizes, the cheaper will be the exe- 
cution of the work. 

Almost any desij^n can be made by the 
use of wrought-iron or steel, or of cast- 
iron. 

In the two former, care should be taken 
to analyze carefully the work recjuired of 
earh rivet. Wrought-iron is gradually 
I? taking the place of cast-iron, even for shoes 
^ and such parts of trusses, as the expense o 
riveting them up out of different parts, is apt to be cheaper than the 
cost of the patterns required for castings. 
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Vertical loadi 



In Figure 261, we have the design of the axial lines of an iron roof 
truss recently erected in New York City. 

The vertical load on this truss was assumed at 65 
pounds per square foot and made up as follows : 

Weight of truss = 6 pounds. 

Weight of other iron := 10 pounds. 
Weight of 3 inch blocks = 16 pounds. 
Weight of plaster = 8 pounds. 

AVeight of slate =10 pounds. 

= 15 pounds. 



Weight of snow 



Total (per square foot) = 65 pounds. 

Figure 262 gives the strain diagram for this load; the rafter 
panels were each 17 feet long, and the trus^ses placed 1 7 feet 6 inches 
from centres, so that the load on each panel was 17.17|.G5^19SS7 
or say 19800 pounds. 

The wind-pressure was calculated separately. In Figure 268 it is 
supposed to blow from the left The pressure normal to the roof 
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surface per square foot for a roof of this inclination (51®) will be, say, 
88,4 pounds, (see Table XLIV.) 

We should have then on each panel : 

17.17^.38,4 = 11424 or say 11400 pounds. 

The total wind-i)re8sure therefore was = 34200 
Wind prassura. pounds. By prolonging the central axis of the wind 



if we ohUiD tbe 
40 feet and fl B 
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pi«8tiir« CR ^Mt intereeclA tLe faari 
react'iKDS due to wind pressure. As . 
SS feet, we know that the rcnction at // will be 
= 1J.B4300 = !1 700 pound*, 



j.3420n — 12500 pound*. 

igram Figure 2C4, can now be 

'e notice iLat there are no 

NP due to wind ; also Ibal f"* '*''■ 

strains in Q .V, Q O and P O, Uicy all having 

to resist compression. In Figure '265 are tabulated tlie strains duo 

to tioth vertical load and wind pressure, the la»t column giving the 

actual result, that is, their sum or difFerence, as the case may he. In 

TABLE OF STRAINS OF ROOF. 



The 

eaail}r construe led. 
>Crain»in M N no: 
the Uttei 



i 



Niunt ol lileM. 


Slaniliiig load. 


Wind 1o>d. 


Bnolt. 


B. J. 


-^ 76000 


+ aoi.0 


+ 84500 


O.K. 


+ 61000 


+ 8S00 


+ 63500 


D. I,. 


+ 46000 


+ 8500 


+ 54500 


E. M. 


+ 48000 


+ 13S00 


+ GI50U 


F. X. 


+ 61000 


+ ]fiSOD 


+ T65M 


G.P. 


+ TfiOOl) 


+ 15600 


+ 91500 


J. K. 


+ 12300 


+ J 1400 


+ 23700 


K. L. 


+ 13300 


+ 11400 


+ 23700 


L. M. 


— 52000 


— 15000 


— 67000 


M.N. 


+ 12300 




+ 12300 


N. P. 


— 12300 




+ 12300 


R.Q. 


— 24000 


— 12000 


— 36000 


G.N. 


— 2S500 


+ 2000 


— 21500 


J. 0. 


-49000 


— 11000 


— Goono 


«. 0. 


— 23500 


+ 6000 


-17500 


P.O. 


-49000 


+ 7.1(10 


— 41500 



Figures 266 and 267 we reach exactly the same results, by combining 
both vertical loail and wind pressure in one diagram. 

In designing the truss, we must remember that were the wind 
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blowing from the right, the corresponding members of each half of 

the truss would exchange their respective strains, we must therefore 

Detail Ins the design each such pair of (right and left) members to 

truss, resist the larger strain. 

Figure 268 gives the drawing of truss and detail of joints. 

In designing the truss we find that the heaviest strains exist when 

the wind blows with the exception of the horizontal 

Take '^•■^^^|J^^ central tie Q which has its largest tension, when 

there is no wind ; we select accordingly, the heaviest 
strains for each member and proceed to design the parts. 
For the tie-rods we require areas, as follows : 

8lzeof rods. Vertical rod L 3/ = — — - = 5,58 square inches 

or a diameter of say 2| inches. 

Inclined rod K Q= =8 sriuare inches or a diameter of say 

12000 * ^ 

2 inches. 

Lower inclined rod J 0= - - =5 sciuare inches or a diameter 

12000 ^ 

of say 2 1 inches. 

Horizontal rod Q0="' - =2 s(iuare inches or a diameter of 
^ 12000 * 

say IJ inches. 

By placing sleeve nuts (or turn buckles), as shown, we can tighten 
up the truss at any time. 

We next design the struts to stand 23700 pounds compression 
each. They are 13 feet 4 inches long or 160 inches long. After 

several trials we decide to use two 3 inches x 3 
8 lie of struts, inches x^ inch tees, placed one inch apart, back 

to back. The weakest way in compression will 
evidently be with the neutral axis parallel to the web. From 
Table XXIV, we fiiicl their S(]uare of radius of gyration for 
this axis to be Q* = 0,4 2 and tlieir area of cross-section = 2,75 

square inches each or 5 J s(|uare inches for the two.* 

1 It RhouM be noted that no matter how many tees were placed along the aame 
oris in the same direct ion wu nhould have the samcp^ : for while each additional 

one would increase the area, and the moment of inertia i, and the moment of 
resistance r, the square of the radius of gyration p', being simply the quotient 

of the inertia divided by the area, would remain constant, no matter how many 
tees were used. 
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We hare then for the tafe coBpreMive ftress in thete tees to 
resist tlie 237(.*0 pooa'b compresskpOf (see FormnlA 3; : 

12000.54 ^,.^. , 

'= -7..>^^,r/,co.= -'''* P^°"^- 

which is near enough. It should be noted that we consider the stmt 
as a coliimn with pin ends. The ends hare got separatelr forge^i 




pieces, bearing on the pins and riveted between the ends of struts 
with eight | inch rivets. 

The rivets were determined, as follows : 

Bearing area of each rivet ^ inch x 1 in<*h == i 

strut ends. "Q"^^® ^^'^^ ^^ = 1-12000= T.OOO pounds, value per 

rivet. 

Shearing area of each rivet= 0,3068 pquare inches, tliere bcin;; 

two shearing areas to each rivet, we have 0,6136 square inclu*s 

resistinj]^ shearing, or shearinjij value of each rivet = 0,6136.8000 = 

4008 pounds. 

For safe bending-moment on each rivet, we have from Table I, 
section No. 7 and from Fornuila(lS) transposed : 

7w= l^.(j'^)8.15000 = :jl2. 15000 = 360 pounds-inch. 

Remembering to use the larger value (-^ j = 15000 jwunds for 

bending-moment on pins or rivets, we could liave read tlie same 
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renilta for beanng, sbesring and bending moment directly from 
Tables XXXV and XXXVIII. 

The actual beoding-aiODieiit on all the rivets would be Formula 
(21): 



_23700.1_ 



OaicuiBtifiB 



: 29<IZ pounds-inch. 

We require therefore, to reiiit 
bending 

- ^-^ = 8,2 or say eiglit rivets. 

This being more than required 
for either bearing or shearing 
determines the number of rivets 
to be UBed. 

We next decide 

1 Bize of pin 

t used. It is evident that the joints 

will be iimihtr as regards arrange- 

t The largest rod will be central 
on pin, each side of it will be 
another rod and outside of this tbe 
'' strut. We can abo readily see 
that the joint at foot of vertical 
rod L M will be the most severely 
taxed, and as it is usual to use the 
" same size pin throughout a Iruas 
we will calculate for this joint It is, also, evident that we need 
calculate only for tbe strains in the vertical line, as these will be the 
heaviest. 

In order to reduce the bend inn-moment on the pin, we reduce the 
head or eye-part of vertical rod to 2 inches thick, this will moke a 

compression of — - — = 33500 pounds per inch thickness and require 
a diameter of pin =^ - —r^ 2,8 or say 2Jj inches diameter, (which 

was the nearest regular size of pin made by the mill who had the 
contract). 

Tbe same result could have been read direclly from Table 
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XXXYI. For the rod K Qwe require a width of bearing 



86000 , . , 

TTzr^ = 1 inch. 



t 






?&•!*- 



■"r^i 



2}{.12000 
For each stmt we require a width of bearing 

= -n = 0,6 7 or sav # inch. 

2J|.12000 ' ^ * 

The single shearing area of pin being about 6 j square inches or 
= 6}.8000 = 54000 pounds, there can evidently be no danger from 
that quarter. 

We now calculate the bending-moment, we first obtain the vertical 
resultants of all the strains, by laying off each strain along its 

respective line of action at a certain scale, 
and then measuring the length of its pro- 
jection along the vertical line. The 
vertical projection of the 86000 pounds- 
tension is 28000 pounds pulling downwards; 
the projection of the 21500 pounds-tension 
is 16500 pounds pulling downwards; the 
projection of the 28700 pounds-compression 
is 15000 pounds pushing downwards; the 
projection of the 12800 pounds-compression 
is 7500 pounds-compression pushing down- 
wards ; the sum of all of these is 28000 -f- 
16500 -f- 1 5000 -f 7500 = 67000 pounds 
downward. Resisting this we have the 
67000 pounds of upward pull. 

We now lay out, Figure 269, the pin, and 
find that we have a double lever arrange- 
ment: the fulcrum being the 2 inch wide 
67000 pounds strain. To the left of this 
wo have a lever IJ inch wide loaded with two loads, one 28000 
pounds one inch wide and one beyond 15000 pounds J inch wide. 
To the right we have lighter loads, the heaviest bending-moment will 
therefore be on tlie left side, or : 

w = i.2H000-f 1J.15000 
= 34G25 })ounds-inch. 
The safe-bending-moment on a 2\^ inch pin is: 

in = \ ^.(ly )».15000 = 375O0 pounds-inch. 
'I'he pin is therefore safe. The same result could have been read 
off directly from Table XXXIX. 
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We next design the main rafter; as this is to he in one length, we 
design it only for lower panel (91500 pounds-corn- 

8lzeof Main pression) and the other panels will he, of course, too 

strong. Besides the compression we will have a 

transverse strain or bending-moment on rafter, per square foot, as 

follows : 

Wind = 38,4 

3 inch blocks, = 1 G 
Slate = 1 

Iron tees (say) = 5 

Total = 69,4 pounds, 

or allowing for weight of rafter, say, 70 pounds per foot. The rafter 
lengths being 1 7 feet and 1 7^ feet apart, we have total uniform load 
t<= 17.17^.70 = 20825 or say 21000 pounds. We now draw any- 

where along rafter a vertical line aft = 21000 
•tram on pounds ; then draw a c normal to rafter ; it scales 
13000 pounds, therefore the actual transverse load 
on rafter is 13000 pounds. 

The required moment of resistance to resist this load will be 
Formula (18) 

^__ 13000^(1 7.12) _ 27 y 
8.1 2000 ' 

By reference to Table XXI, we find we require one 12 J inch 
80 pounds channels to take care of the transverse strain. We also 
note that the area of channel is 8 square inches, which is about what 
we need additional for resisting the compression. We will decide 
then to use two 12^ inches 80 pounds channels. 
The square of the radius of gyration is 0^=21,10 

The area of the two will be 16 square inches, but as just one-half 

of their total moment of resistance r is needed to 

orTrsSter. ^®®^^^ transverse strain, we will have only 8 square 

inches left of the total area to resist compression. 

The column is 1 7 feet or say 204 inches long. One end will be a 

pin end, the other a milled or planed end with fair bearing. We 

have then for safe compressive load Formula (3) : 

8.12000 AnOAA A 

w = —— ,-— ,- ^ 90300 pounds, 

, 204^.0,000033 ^ 

^ "^ 2i7i — 

or near enough to pass as safe. If the transverse strain had reauired 
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say a moment of resistance of r = S5 we should have had left to 
resist compression of the total area 16 square inches only, 

= 16-f^^-Vl6 
V2.27,7/ 

= (about) 6 square inches instead of 8, which (in such 

a case), would not be enough and would require a heavier channel. 

The thickness of our channel web we see from Table XXI, is 

0,39 inches, or two webs = 0,78. The safe bearing 

raifterwebs on pin will therefore be = 0,78.2^{.l 2000= 28200 

on pins, pounds. The web of channel will therefore need 

thickening at the shoe pin, but not at the two others. At the apex 

the pin does not bear on channels, but is connected indirectly by a 

2-Inch thick plate. 

At the shoe the channels have planed ends and rest directly on 

the shoe, the strain therefore against their webs, will be 60000 

pounds, due to the rod trying to tear the pin out. 

Reinforce ^he webs take care of 28200 pounds of bearing, 

plates to webi ' ^' 

leaving 60000 — 28200 = 81800 pounds, to be trans- 
ferred by rivets to thickening or reinforce plates. Of this each side 
takes care of 

31800 ,.on^ , 
= 15900 pounds. 

The thickness required for each plate, is therefore 

15900 ^ ,^ , . I , 

, , = 0,42 or sav i inch each. 

2} 5.12000 • ^ 

The number of rivets required must next be settled. We use | 
inch rivets: 

The (.'hanncl being thinner than the plate determines the bearing 

value for each, or 

.. ^ , , =0,30.5.12000 = 3000 pounds, 

Rivets In rein- » e 1 » 

force plates, or 

- = 5,3 or sav 8ix rivets required for bearinjj. 

The rivets are in sin}j;le shear, their area = 0,30G8 and their value 
L_:O,;jo(;8.«000=2454 pounds, and we require ^-'-^.^^ = 6,5 or say 

Heven rivets. 

For beujlinK-moment each rivet is a single lever held bv the half- 
\\\v\\ plate, projecting 0,39 inches and uniformly loaded on free end 
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with its share of the 14100 pounds carried bj each channel web, the 
total bending-moment will therefore be from Formula (25). 

14100.0,89 „-.^ , . . 

m= — =2750 pounds-inch. 

The safe bending-moment on a | inch rivet we previously found to 

be 360 pounds-inch, and require therefore 

2750 

. = 7,7 or say eight rivets. 

The disposition of rivets around the pin, however, requires nine 
rivets. 

We now go to the apex point. We use here a 2-inch plate, its 

bearing on pin must be all right, as we made the 

Pin plates a^^^^ ^^^^ ^^^ ^f vertical rod 2 inches thick. The upper 

end of rod we make forked, each side 1 inch thick, 
and 2 inches between to admit plate. 

The plate is so large that there is evidently no danger of the pin 
shearing out. 

For the rivets we can see it will require a large number and there- 
fore decide to use larger or say \ inch rivets. 
„ ^ ^ The bearing value on two webs of each rivet will 

NUITlDOrOf 

rivets. be = J.2.0,39.12000=8190 pounds. 
The (double) shearing value of each rivet will be 

= 2.0,6013.8000 = 9620 pounds. 
The safe bending-moment on each rivet will be 

= H-(i^)''-15000 = 987 pounds-inch. 

If now we consider that the two rafters have planed ends and butt 

fairly against each other, taking up the thrust from each, the rivets 

need only take care of the vertical down pull 67000 pounds, all of 

the rivets taking a share. In that case we should need for bearing 

-— . - = 7,2 rivets, for shearing less, and for total bending-moment, 

remembering that the channel backs are 2 inches apart and that the 
rivets are beams supported at both ends and uniformly loaded, from 
Formula (21) 

67000.2 ,^^_^ , . , 

m = — =16/50 pounds-inch. 

o 

Therefore number of rivets recjuired to resist bending-moment 
=^ -7—- =16,9 or say nine each side of joint. 

The plate, however, requires ten each side for even distribution. 
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If the cbannels do not butt fairly the plate will have to transfer 
the thrust from one to the other. This thrust will be equal to the 
horizontal resultant of compression on rafter at apex which is 54500 
pounds. Its horizontal projection measures 34000 pounds. The 
rivets each side of joint must take care of this strain and the plate 
be large enough not to crush under it. We need not calculate any 
in this case, however, as this strain is just about one-half of the 
strain for which the total number of rivets were proportioned. 

We next design the shoe. It is a flat cast-iron plate 2 inches 

thick, and 28 inches by 24 inches with two flanges 

**^oe-plate. ^^^'^ ^ inches thick to receive the pin. As the 

channels bear directly on the plate, the only strain 

on the flanges will be due to the pin trying to shear its way out, the 

strain being 60000 pounds. Resisting this there are two areas to 

each of the two flanges, each area 3 inches x 3 inches, or a total area 

=4.3.3 = 36 square inches, the actual stress is therefore 

— r — = 1667 pounds per square inch, which is safe. 

The wall must carry the whole load of truss, each reaction is 

67900 pounds due to vertical load. To this must be 

Bearing area, ^^^j ^j^^ vertical resultant (or projection) of the 

largest wind reaction 21700 pounds. Its vertical projection 

measures about 14000 pounds makingr the total 
Include wind . . . _,-,^^ , rr^i r i . 

reaction, vertical reaction 71900 pounds. The area of plate 

is 28x24= 672 square inches, therefore compres- 
sion per square inch on brick-work 

= i/_ - =108 pounds, which is safe. 
672 

Had this truss been of larger span, we should have had to place 

one shoe either on a rocking saddle, or else on rollers. 

Rockers or j£ ^j^^, latter there should be sufficieut rollers, and 

rollers. ' 

they should be of large enough diameter not to 

indent tlie plate, and to roll back and forth freely. It is usual to put 

upward flanges all around the bottom plate and downward flanges all 

around the upper plate to hold the rollers in place between them. 

The flanges should be less than radius of rolUirs, so as not to meet. 

The foot of girder must be secured against yielding sideways. 

The size of rollers is determined by the following formula : 

'"""""VSrrer.. «"-='-'50.y'J" (132) 
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Where w = the safe load, in pounds, on each roller. 
Where / = the length, in inches, of each roller. 
Where (/ = the diameter in inches, of each roller, if of steel 
or wrought-iron and rolling between cast-iron plates. If be- 
tween wrought-iron plates add 25 per cent to w. 

Rollers should be used, (under one shoe only,) where trusses m- 
doors are over eighty feet span, or out-doors if span is over sixty-five 
feet. 

Example, 

A truss of one hundred feet span has a reaction at each end of 95000 
pounds. The shoe-plate is 20 inches wide the long way of rollers^ and 
rollers are 1 inch in diameter. How many rollers are required f 

Each roller will safely carry from Formula (132) 
ti7= 20.750.^/1= 15000 pounds, 

we shall require therefore 

95000 - o - „ 

— — — = 6,8 or say 7 rollers. 
15000 ^ 

Of course, where rollers are used some arrangement must be made 
in the cornice to allow for the movement due to expansion and con- 
traction of the truss ; or if the roof is continuous a slip-joint must be 
provided in the roof itself, the detail of which will depend upon the 
local circumstances. 
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rpHE Formula (3) on page 24 of Vol. I, is, of course, applicable 

X to every kind and shape of column. The square of the radius 

of gyration used in this formula, can be found by any of the 

formula; given in Table I; or if the shape of the column is so 

unusual that it is not given in Table I, the moment of inertia (t) of 

the cross-section of the column can be found, and 
^*of gyration. ^^^^^ divided by the area (a) is equal to the square of 

the radius of gyration, see page 9 of Vol. I. 
In Table II are given the different values of n for cast und 
wrought iron, steel, wood, stone and brick ; also the variations in 



this value for "pin," that i», rouaJeJ or rough bearings at eods, and 
for " imoolh," tbst is, turned, jilaned or emoothcU oS iwarioga at 
ends. Tliese difFerent values have tieen arrived at largely by 
experiments, but the reatwn why the end bearing affects the strength 
of eolumn can readily be seen in Figures 2T0 to 274. 

In Figure 270 we have a column with rmootti ends between two 
forces crushing towards each otlier ; as a, rcEult the column tends to 
bend, in this case to the right. Tliu Iiending of 
the coluQin will, of course, tip its ends, as the»e 
are at right angles to tlie (dotted) tongitudinnl 
axis of the column ; as a result Ihu furllier crush- 
ing is taken cntirc-ly at the ed^n of the ends, or 
at points 
wnv.mooth Aan<lB, 
"""""'"""' marked 
n the figure. 




FIG. 27S, 



riG. 276 A. 



It will be readily seen that the least pressure at ^ or B tends to 
bring the ends back to the liorizontal plane and consapicnlly to 
straighten the column again. For this reason it is that columns with 
smooth end bearings give way tbe »anie as columns witb fixed end 
bearings, as shown in Figure 271. If on the other hand the ends of 
the column are rouniled, as shown in Figure 27!, tbe effect of the 
crushing at .1 ami B is to constantly increase the bending of 
the column, as the point of contact against (he column simply slips 
KTOund the circular endx, as (he column bonds more and more. Such 
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columns break as one curve instead of the triple curve shown in 
Figure 271. Where there is a pin bearing, as in Figure 273 the 
effect is, of course, the same as for rounded ends. Rough ends are 
considered the same as rounded ends, on account of the danger 
of some roughness or projection on the end of a bearing, which 
would greatly increase the tendency to bend, as shown at A and B 
in Figure 274. For this same reason wedging of joints of columns, 
should never be allowed. 

Only those columns should be considered as having smooth ends, 
where the entire bearing end is perfectly smooth, and forms a true 
and perfect plane at right angles to the longitudinal axis of the 
column. In iron and steel columns the ends have to be ''planed" 

or " turned " off, both of which are done by 

*" " turnfiiB. machinery. Planing is, as its name implies, a pass- 
ing back and forth of a sharp metal planer which 
removes the surface iron, little by little. Turning is the same as 
planing but the motion of the planer is circular. Turning is done on 
circular columns, particularly where there are lugs or projections be- 
yond the bearing surfaces, which would be in the way of a straight 
planer. 

Cast-iron columns are usually made of circular cross-section and 
hollow. This is the cheapest cross-section there is for 

"''^Tumrui. ^^y co^""*"^* *"*! ^b® metal will do more work 
j)er s(juare inch, the thinner (within reason, of 
course,) the shell is made. 

Cast-iron columns are also frequently made square in cross-section, 
and hollow, which does not make a badly proportioned column. All 
other shapes, however, are bad, and should only be resorted to in 
unusual circumstances. Such shapes, for instance, are rectangular 
and hollow, one side (or diameter) being shorter than the other, in this 
case the neutral axis, when computing the scjuare of the radius of 
gyration, should be taken parallel to the long side ; then there are 
H or I shapes, T or I shapes, etc., all bad and weak. Sometimes a 
column is made square or rectangular but with only three sides. The 
column will be greatly strengthened, if at intervals there can be cast 
on the fourth side a connectinor bar. 

All hollow castings should be drilled, as already explained, to 
ascertain their thickness, also near their base to allow any water to 
escape, which might otherwise freeze and burst the casting. Brackets, 
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and other projections should, by preference, be cast on the column, 

rather than secured to it by bolts or tap-screws. Of course, they 

can't be riveted to cast-iron. They should, as far as possible, be of 

same thickness as shell. 

Where there are 

M heavyca pitals, 

i bases or other 

^ mouldings or orna- 

ij mental 

Caps and — « i. W 

bases. ^°'^ 

that 

— greatly increase 

the thickness of 

riG. 277. shell, they had 

better be made 

separately and slipped on afterwards, and then secured by tap-screws 

with countersunk heads. 

The bearing should always, if possible, be vertically under and 
over the shell, not flanged 
out as shown in Figure 
275. 

Ends of columns are 
usually flanged out for 
bolting together. In which 
case the angles should be 
well rounded. It is also 
well to cast on one of the 
columns a lug as shown 
on the upper, etched 
column in 
Figure 276. 

To pre- 
vent fire 
spreading up 
t h r o u g h 
columns, 

5ome build- piQ 278, 

1 n g laws 
require solid plates at all joints ; in such cases they should be made 
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as shown in etched part of Figure 276a with upper and lower lugs, 
and the columns bolted together through the plate. 

Bottom plates, which usually have to spread the weight are made, 
as shown in Figure 277 ; as they are often very 
Bottom plates. Jarg^^ ^nd necessarily the^fore quite thick, metal 
can be saved by gradually reducing the thickness towards the edges, 
as shown. In such plates a hole should be cast in the centre, to 
relieve the strain on the plate, when cooling and thereby avoid 
warping. 

No bolts are needed where a bottom plate is used, as shown in 
Figure 277, as there is no possibility of tipping. Where the spread 
of base plate has to be very great, flanges as cast on same as shown 

in section in Figure 
278 and in plan in 
Figure 279. Of 
course, the flanges can 
be more numerous. 
All parts of such a 
base should be of even 
thickness. If the 
casting is unusuallv 
large and unwieldy 
it can be made in two 
parts, as shown i n 
Figure 279, but in 
such cases great care 
should be exercised 
with the foundation or 
substructure, to avoid 
one-half settling away 
from the other half. 
This can bo done by thick granite stones, or additional iron plates 
under the main bottom plate. 

I'lu* caleulation of hollow circular columns is very tedious, partic- 
ularly as one has to guess at the size and then calculate the strength, 
often involving several calculations for a sin^rle case. 
■Kplanation of Tables XLV, XLVI, XLVII and XLVIII, have 
able* ^"j^^j^JJ^ therefore been prepared by the writer to take the 
plae(; of these calculations, for cast-iron hollow circular columns. 




FIG. 279. 
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Across the top of the tables, in the horizontal line, are given the 
lengths in feet of the columns. Down the left side in the vertical 
line are the $afe loads in tons for each particular shape. The 
curved lines each represent a hollow circular, section, and at the end 
of each curve is given first, the diameter of column, second the 
thickness of shell, third the area of cross-section. The latter enables 
one to pick out the cheapest section from any of the tables, by 
selecting any curve below and to the right of the one found — which 
has a smaller area of cross-section. Sometimes by reference to a 
subsequent table a still cheaper section can be found. 

The tables have been calculated for cast-iron, according to 
Formula (3) ; the columns are supposed to have smoothly dressed 

ends and true bearings. The value used for ( -^ ) was 15000 

pounds. Any one desiring to use any other value, need only pro- 
portion the vertical column of safe loads in tons accordingly ; thus, 
for 12000 pounds we should take \ of the loads as safe, or we could 
add \ to the load to be carried by the column, and find from the 
tables the diameter, etc., of column necessary to carry the increased 
load. 

Table XLV gives columns from 8" to V diameter of different 
thicknesses, and from 5 feet to 12 feet long. Table XLVI gives 
columns from 8" to 10" diameter of different thicknesses, the 8'' and 
9" columns from 8 feet to 15 feet long, the 10'' columns from 10 feet 
to 20 feet long. 

Table XLVII gives columns from 11" to 13" diameter, and Table 
XLVI II from 14" to 16" diameter, in both, of different thicknesses 
and from 10 feet to 20 feet long. 

An example will best illustrate the use of table. 

Example L 

What is the safe load on a hollow^ circular, cast-iron column, with 
turned ends, IS feet long, 11" diameter and IJ" thick? 

Columns of 11" diameter are given in Table XLVII to which we 

turn, we find the curve marked 11 — 1^ — 44,8 cuts 

Example of use ^j^^ vertical line 18 about two-fifth way down 

between the horizontal lines 150 and 155, our 
column will therefore safely carry 152 tons. 

Had we calculated our column by Formula (3) we should have 
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had from Table I, section No. 8 for 

g«=:?*'_+i*= 11,50 

andfor/«==(18.12)«=216* = 46656. 

Inserting the values in Formula (3) we have the safe load 

44,8.15000 672000 «aqqco ^, ^a 

w= — - — ■ - = — I- ---TTT = 803962 pounds, 

^ , 46656.0,0003 1+1,2108 ^ ' 

"* 11,66 

or, 151,98 or say 152 tons same as found from table. 

Now, is this the cheapest section for that load and length of 
column. Its area is 44,8 square inches. We now pass to the next 
curve below and to the right, it is 18 — 1 — 87,7 or a 13'' diameter 
column, 1" thick will be cheaper, as its area is only 37.7 square 
inches. Then, too, it is stronger, for at 18 feet long it will carry 158 
tons cutting the vertical line 18 three-fifth way between 155 and 160. 
By passing further along, we find also that the 12'' diameter 1^" 
thick column of 42,1 S(|uare inches area will be stronger, carrying 
161 ^ tons safely at 18 feet of length. 

By referring to the next Table XLVIII, we find some much 
cheaper sections, than any of these. For the 14" diameter, }" 
thick column, has only 31,2 square inches area of cross-section, but 
we find it carries safely only 143 tons and therefore will not answer. 
However the 14" diameter 1" thick column, has only 40,9 square 
inches of area and carries 18.) tons, and would answer therefore, 
provided of course, larger diameter is not objectionable. Or, 
cheapest of all would be the 1.')" diameter, j'' thick column which 
has only 33,6 square inches of area and carries 161 tons. The 16" 
diameter, j" thick column would also be economical having only 
35,9 s(juare inches of area and carrying 180 tons at 18 feet of length. 

In wrought-iron construction, any number of shapes of columns are 

used, from ])lain flat bars, to the most elaborate 

Shapes of combinations of the different shapes rolled, most of 

^*^°" columns. "'^^"^'^ ^^^ given, with their areas, squares of radius 

of gyration, etc., in Tables XIX to XXV. In 
Fisures 280 to 287 are given a few combinations, which are 
frequently used for columns. Besides those shown there are fre- 
quently used combinations of I-beams and channels, or of angles and 
plates formed in the shape of plate and bo.\-girders stood on end. 

Figure 280 shows two channels latticed together. A plate might 
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be used in place of latticing if the ch<innel8 were placed as shown in 
Figure 2HI, but in that case the interior would not be accessible for 
painting. 
Figure 281 is more easily riveted up than 280, but is not quite as 



strong. 



Figure 282 shows an elevation with wrought-iron base, and Figure 
283 the side view of base. Architects are apt to use caat bases with 
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FIG. 252. 



wrought-iron work, but as a rule a wrought-iron base can (and 
Hhould) be designed, which will not only be better adapted to 
wrought-iron construction, but will be cheai)er and stronger, and has 
the merit that it can be riveted fast to the column or other construc- 
tion. 

Figure 284 shows a column made of four Z irons, with central 
plate. It has the great merit of being a strong cohnnn, and though 
of five parts, it requires only two lines of rivets. This column adapts 
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itself excellently to building walls, as the horizontal wall girders, 
and floor girders are easily attached to it, and it readily holds the 
" dlling-in walls " in place, without the use of anchors. Then, too, 
it can be easily covered with fireproof blocks. The writer recently 
erected in New York City, a fireproof office-building, ten stories 
high above the sidewalk, with only twelve inch thick brick walls all 
the way up, by using these columns combined with horizontal girders 
in all the walls. 

Of course, in such construction, proper precautions must be taken 
to prevent the building from collapsing under wind pressure. In 
the case above referred to, in order to avoid cross-partitions, the 
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f 10. 285. 



wind-bracing was all done in the front and rear walls, and in 
the floor levels. 

Figure 285 gives a combination column of two tees, riveted 
togetlier with separators. 

Figure 286 is made of four angle bars latticed together, a very 
light, but strong column. 

Figure 287 consists also of four angle bars, which adapt them- 
selves more readily to fireproofing, and require less riveting, but the 
column is not nearly as strong as the previous one. In the last 
case separators are used in place of lattice bars. 

It would be quite impossible to give any curve tables for wrought- 

iron construction, but Table XLIX will greatly 

^^Tabfo XLix'. facilitate the calculation. It will be necessary in 

each case to find only the ratio of the length of 
column (in inches) divided by the radius of gyration, or the stjuare 
of ilie length, divided by the scjuare of the radius of gyration, and 
look up the value per square inch of cross-section, according to the 
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coDdition of ends of column, and the assumed safe value for ( -4 )• 
The table is calculated respectively for 8000, 10000 and 12000 
pounds per square inch values for ( -^ j- In buildinj^s use the value 

12000 for wrought-iron. 

1*0 find the ratio look up the value of the square of the radius of 
gyration in the tables, or if it is not given, find the moment of 
inertia according to rules given in Table I on page 10 of Vol. I, and 
divide by the area, see page 9, Vol. I. 

It should be borne in mind that where pieces are doubled or their 
number increased along the name neutral ax», the moment of inertia 
vrill be doubled or increased accordingly. But the 8(]uare of the 
radius of gyration will remain constant, as it simply represents a 




flG. 256. 



.m 285 



m. 287 

ratio, and the area and moment of inertia increasing in the same 
amount, their ratio, which gives the s(|uare of the radius of gyration, 
will, of course, remain consUnt. In tome cases, it will be easier to 
find the radius of gyration, instead of its square, and in such cases 
the second column in Table XLIX should, of course, be used. 
An example will best illustrate the use of Table. 

Example IT. 
A flat eye-bar of wrought-iron 1^" xG" in a truss, 
of Table XLIX. ** liable at times to be under compressive stress, what 

will it safely stand f The bar is 6' 6" long from 
centre to centre of eyes. 

From Table I, section 2, we have 
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the area will be 

a = 1^.6 =: 9 square inches, 
and 

P=66« = 4856 
The ends being eye-bars, we use, of course, in Table II, the value 
n for ** both ends pin ends," or 
n = 0,00005 
Inserting the values in Formula (3) we have for the safe com- 
pressive strain, 

u;= ?i2000 _ 

, 4356.0,00005 
"^ Oj9 

Now had we used Table XLIX we should have had the ratio 

The nearest value to this in the first column of the Table is 22500 
and under the heading " both ends pin ends " for a value of T-^ J = 

12000 pounds, we find 5655 which is the safe load per square inch 
on our bar, or the total safe strain,^ 

to = 9.5655 = 50895 pounds. 

Which closely approximates the above result. 

In our case it would have been easier to use the second column of 
Table XLIX, we should have had 



8 = \AVil=-^* =J^ =0,433 



and for the length 
/=66 
therefore the ratio 

-'= ^^-=152 
g 0,433 

The nearest value to this in the second column of Table XLIX is 
150 which would give the same result as before. 

There are several patent wroughtriron columns 
Oolumns. ™*^^» of which the "Phoenix" column is un- 
doubtedly the best. 
It is made up of from four to eight segments, riveted together. 



» (Ubtuiiied by multiplying by the area of bar.) 
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EkcIi lEgmcnl BoinewhaC rttsenblea a channel willi (he treb bent to a 
■egment of a circle, instead o£ beini; straight. 

Figure 2SS shuws one of the smaller columnB, made up of four 
BegmentB. For heavier columai each segment is rolled thicker, a* 
Bhown in tbc figure in outline. U'ben it is necessary to have very 
heavy columns Sat pieces are inserted between each flange, as shown 
in Figure 289. These column* can be readily covered with fire- 
proof blocks to make a circular finish in buildings, and arc largely 
used both for this reason, and on account of their great strength, 
(owing U> all the metal being 
□ear the outer edge). 

Table L gives the proper- 
ties of these column!!, as 
taken from tlie band-book of 
the Phoenix Iron Co. 

Column G is made in eight 

sections, all the otbt 
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used ; in columns B' and B* 
I" rivets are used ; while in 
Uie others |" rivets are used, 
Dntil the shell t>ecomes over 
^" thick when J" rivets are used. 

The thickness given is the thickness of shell ; the diameters are 
tlie "inside diameter" ; "outside diameter," (or inside diameter 
plus the two thicknesses of shell) ; and the " diameter over all," that 
is to outside of Hanges. The weight per yard of tlicse columns will, 
of course, be in pounds, ten times the given area. It will be noticed 
that the "radius of gyration" is given, and not its square, which 
will make the use of Table XLIX in connection with these columns 

When calculating the load on a, column it should be borne in mind, 
that if the girder or beam is continuous over the column, the toads 
will be equal to the reactions as given in Table 
'**"'column. X^'" o" P"^!?*" ^'^ »t.d 219 of Vol. I. 

If the girders or beams overhang columns and are 
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built into the wkU at tlie ottier end (sucii ok gallery beami for 
iosEance) (he resptctive loads □□ the ooliLmn and 
' wall and upward preuure oa wall caa be found from 
FormulBB 116 to lis intlusiyu. 

If tlie load on tbe overhang is uniform its reaction would be the 
Baoie as A simitar amount of load L-oncentrated at onu-haU the span 
of overhang. 

If the beams or girders arc inclined they can be calculated the 
game as already expluined (in the previous chapter), when calcu- 
lating transverse strains on rafters ; and the amount of anehoring 
necessary to prevent [)ulling out, can readily be found by obtaining 
the horizontal thrust by the graphical method, as already explained. 
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TABLE XL VI. 

BTBESOTn or HOLLOW CTLIKDRICAL COLUMNS OF CA8T-IBOK. 
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TABLE XLVIII. 

BTBUtOTH OP nOLLOW CYLINDRICAL COLDlfM 
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7973 7980 
8041 8048 



8102 8109 



8169 
8235 

8299 
8363 
8426 



8176 
8241 



8116 
8182 
8248 



8306 8312 
8370| 8376 
84321 8439 

7 8 



11 

10 
10 
10 

10 

10 

9 

9 
9 
9 



7152 


8 


7235 


8 


7316 


8 


7896 


8 


7474 


8 


7551 


8 


7627 


7 


7701 


8 


7774 


8 


7846 


7 


7917 


7 


7987 


6 


8055 


7 


8122 


7 


8189 


6 


8254 


7 


8319 


6 


8382 


6 


8445 


6 



Diff. 





^H 


TABM UII. LOOARITBHS OP NCHBEIIS. (cOMTINUel 


^1 


Ho. 

70 
71 


« 1 > 


2 


a 


4 


5 


6 


7 


8 


9 


mt. ^M 


8451 


8457 


8463 


8470 


li476 


8482 


8488 


8494 


8500 


8506 


^1 


8SI3 


8519 


8525 


8531 


8537 


8543 


8549 


8556 


8561 


8567 


72 


85 73 


85791 8585 


8591 


8597 


8603 


8809 


8615 


8621 


8627 




73 i 8633 1 M639 


H643 


8651 


8667 


8663 


B66B 


8675 


8681 


8686 


^H 


74 


86;)2 8U98 


8704 


8710 


8716 


8722 


8727 


8738 


8739 


8745 


^1 


75 


Hrsi 1 875G 


8762 


8768 


8774 


8779 


8785 


8791 


879- 


8802 




76 


ssm 


8814 


8820 


8829 


8831 


8837 


8842 


8848 


8854 


8859 


^H 


77 


HHer. 


8871 


8876 


8882 


8887 


8893 


6889 


8904 


8910 


8915 


^1 


78 


M9-iI 


8927 


8932 


8938 


8943 


8949 


8954 


8960 


8965 


8971 




79 


3U7G 


8982 


8987 


8993 


89a« 


9004 


9009 


9015 


9020 


9026 


^1 


80 


9031 


"aoFfi 


9042 


9047 


9053 


9058 


0003 


"9069 


9074 


S079 


1 


81 


8085 


9090 


9006 


9101 


9106 


9112 


;;:, 


9122 


9128 


9133 


1 


82 


9138 


9143 


9149 


9154 


9159 


9165 


9170 


9175 


Bl«0 


9186 




83 


91HI 


9196 


9201 


9206 


9212 


9217 


9222 


9227 


9232 


9238 


^H 


84 


U;i43 


924B 


9253 


9258 


9263 


9269 


92 74 


9279 


9284 


9289 




85 


U:i94 


9299 


9304 


9309 


9S1G 


9320 


9325 


9390 


9335 


9340 




86 


•)345 


9350 


9SSS 


9360 


9365 


9370 


9875 


9380 


9S85 


9390 


^1 


87 


■)395 


9400 


9405 


9410 


9415 


9420 


9425 


9480 


9435 


9440 


^1 


88 »»5 


9450 


9455 


9460 


9465 


9469 


9474 


94 79 


9484 


9489 




89 
90 


'Ji\>i 


9499 


9504 


.9509 


9513 


9518 


9623 


9528 


9533 


9538 


J 


8542 


71547 


9052 


9307 


9562 


9666 


9571 


9576 




9581 


9686 


91 


95»0 


9596 


9600 


9605 


9609 


9614 


9619 


9624 


9628 


9633 


^1 


92 


3638 


9643 


9647 


9662 


9667 


9661 


96U6 


9671 


9675 


9680 




93 


9685 


9689 


9694 


9699 


971)8 


9708 


9713 


9717 


9722 


9727 


^H 


94 


9731 


9738 


9741 


9745 


9760 


9754 


9759 


9763 


9768 


9773 


^1 


96 


9777 


9782 


9786 9791 


9 795 


9800 


9805 


9809 


9814 


9818 




96 


9823 9837 


9832; 9836 


9841 


9845 


9860 


9854 


9859 


9863 


^H 


97 


9868 9872 


9877 


9881 


9886 


9890 


9894 


9899 


9903 


9908 


^1 


98 


9912 9917 


9921 


9926 


993C 


9934 


9939 


9943 


9948 


9962 




90 


9956 j 9961 


9965 


9969 


9974 


9978 


9983 


9987 


9991 


9996 


^H 


Ho. 


\T~ 


~T~ 


~3~ 


~4~ 


"s~ 


6 


7 


"s 


9 


m H 


^ 1 
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8AFR BUILDING. 

TABLE LIV. 



SQUARES, CUBES, SQUARE AND CUBE ROOTS AND RECIPROCALS 

OF NUMBERS. 



No. 


Square. 


1 


1 


2 


4 


3 


9 


4 


16 


5 


26 


6 


36 


7 


49 


8 


m 


9 


81 


10 


10<) 


11 


121 


12 


144 


13 


169 


14 


196 


16 


226 


16 


266 


17 


289 


18 


3*24 


19 


361 


20 


400 


21 


441 


22 


4»i 


23 


529 


24 


576 


25 


6J5 


26 


676 


27 


729 


28 


784 


29 


8il 


30 


900 


31 


961 


S2 


1024 


33 


1089 


34 


1156 


35 


1225 


36 


1296 


37 


13<a) 


38 


1444 


39 


1521 


40 


H«M) 


41 


KWl 


42 


I7r4 


43 


1H49 


44 


11>36 



45 
46 
47 

48 
49 
50 
61 
62 
63 
64 
Im 
66 
67 
68 
61) 
60 
61 

e2 



Cube. 



20J5 
211(5 
2J()1) 
ZH^ 
24(U 
25(X) 
2r.(>l 
27()4 
2H(K) 
291(> 
3i)i:5 
3136 
3-'41) 
3.304 
34S1 
3(K)0 
3721 
3^^ 



1 

8 

27 

01 

125 

216 

343 

612 

729 

lOAO 

1331 

1718 

2197 

2744 

3375 

4096 

4913 

6832 

6839 

8000 

9261 

10618 

12167 

13824 

156-25 

17576 

19683 

21952 

24389 

27(H»0 

29791 

32768 

359;J7 

39;3(»4 

42875 

466.>0 

5<)6<a} 

54872 

69319 

64000 

68921 

74088 

7l>r)ii7 

85 li^ 

91125 

97336 

II '3823 

llU"i92 

1I7<VI9 

125<K>0 

i32(;->i 

140«;(i8 

14.^877 

157404 

1«J4;'{75 

17.'>»;iG 

18'">iy3 

Ift-.I12 

2«ra79 

2 16* (00 

226!)S1 

238328 



Sq. Koot. 



1,414214 

1.732051 

2, 

2,236068 

2,449490 

2,645751 

2,8281'27 

3, 

3.162278 

3.3166*25 

3.404i02 

3,605551 

3.741657 

3,87-2983 

4. 

4,123106 

4,Z4-2641 

4.368599 

4,472136 

4.582576 

4,69f>416 

4,795831 

4,898979 

6. 

6,099019 

6,196162 

6,291503 

6,385165 

5.477226 

6,567764 

5,&>6854 

6.744563 

5.8.30952 

5.916U80 

6, 

6,082762 

6,164414 

6,-244l)«)8 

6,324 5iV> 

6.4"3I-24 

6,480741 

6..')57438 

6,(vi32.')i> 

6,708.'04 

6,782.330 

6,Si'),"><iV> 

6.928203 

if 

7.071068 

7.141428 

7.211103 

7,2.80110 

7, .348469 

7.416198 

7,48;{3 5 

7. .^9834 

7.6I.-.773 

7.68 1 146 

7.74.'>967 

7.810250 

7,874008 



Cube Root. 



1, 


1,000000000 


1,259921 


,600000000 


1.44*2250 


,333333333 


1,687401 


,250000000 


1,709976 


,200000000 


1,817121 


,166666667 


1,912931 


,142857143 


2, 


,125000000 


2,080081 


,111111111 


2,154435 


,100000000 


2.223980 


,090909091 


2,289429 


,063333333 


2,351335 


,0769*23077 


2.410142 


,071428571 


2,466212 


/)66666G67 


2,519812 


,062600000 


2,571*282 


,0688-23529 


2.620741 


,0655o5556 


2,668402 


,052631579 


2,714418 


,050000000 


2.758924 


,017619048 


2.80*2039 


,015454545 


2.843867 


,01347^'200 


2.88W99 


,041666667 


2.9*24018 


,040000000 


2.962496 


,038161538 


3, 


,037037037 


3,036689 


,a357142^ 


3.072317 


,034482759 


3.1072.32 


.033333333 


3,14 i;«i 


,0322.58065 


3,174802 


,031*250000 


3.*2l>7534 


,0.30303030 


3.2.39612 


,0*29411765 


3,271(H;6 


,(r28.5714-29 


3,:30l9-27 


.027777778 


3.3,3-2-.»22 


,0-27027(y27 


3..361975 


,0*2i'>3I.57K9 


3.;{91211 


.02.564 l(r>6 


3,419ir>2 


,02.'>00(K>00 


3.448217 


,0*24.390244 


3.47W)27 


,O2.3h0l»5-24 


3. 5(13.398 


,023-2; M- 14 


3..'>.30;U8 


,0*22727273 


3..'>i'>68tJ3 


.02-2"2-2'2'2'2*2 


3.,">.S:J()48 


.02?7.3wT.30 


3.(»8826 


4>2r2*6G(jO 


3.(vH-241 


,0-20Ha3;VJ3 


3.(^.9306 


,0-20408163 


3.6840.n 


,0*2000(K)00 


3.7084;«) 


.019()07J!H3 


3.73-2511 


,019*2.3O7(»9 


3,7.">6286 


.018*67925 


3.7797(^3 


.018518;'>19 


3. 8029.72 


,018181X18 


3.S2.'KS(r2 


.017>.57143 


3.848-.(n 


,017.'i4.^S00 


3.870877 


,017241.379 


3.Ki>-JinH> 


,0165^91. 5.3 


3.9I48(W 


,01 (M'><.66(r7 


3.9.3('497 


.01(u?9.3+43 


3.957891 


,0161-29032 



RECIPROCilL, 



w 


■ 


" 




!29 ^^M 


^H 


SOKAHM, 


CCBK. 


Sci. UooT. J CiTBi Root, 


lUOIFROrAL. ^1 




3M9 






3STWB! 


.010879018 ^H 




4"IM 






4, 






t'-Tl 


sjwja 


8,0(EIM 


4.0a07!fl 




^1 


4ua 


3IH>T<B 


8!lM,%3 


4,041910 
4.081M8 


«14a2l>373 ^H 






314432 


8.-«hVll 


4,0SI«» 








sixat 






fiiiwnM ^^1 


^1 


SIJi 


343000 


M^Wtan 


4il!12aS 
4.140SI8 


.DI4a>l57]t ^B 

.UI40Mn0T ^^H 




B1M 


373248 


s:4iia»i 


*,iauae 


,OI3r8a«a» ^^M 


^M 




38l»tT 


sji44aM 


4.I793M 


mstmM ^^M 






«ie224 




4.iBg33e 


,oi3iii3&u ^^M 


^H 




tasJS 


sleawM 


4.217)63 


.013333,133 ^^M 


^H 


KTTB 


43897B 




4 -06/0* 


.OISIAIMO ^^M 




Btrtf 


4S6S33 




4.2M3Z1 


.oi2B8nn3 ^^H 




a»i 




8.»aiT0i 


4,272660 


Mtrxma ^H 




AMI 




8,88S1IM 


4.21IUH40 




B 


won 




s.Mura 




,0I2MIUXII> ^^1 


^1 


OSCI 




e, 




J)l234Sfi79 ^^H 


^1 fti 




6AI3fig 


»flW«S 


41344481 


^i2ii»jn ^H 


H 


gags 




»,ltW»4 


4.3IBOT1 






TOU 






4, 370010 


!otigo<T«a ^^H 


^1 


Tm 






4.XX»3a 


,011764700 ^^H 


H ST 


73W 




bI-tmis 


4,414005 


.IJ11027VU7 ^H 




TBM 


Kitaia 


B_THK79 


4,43II>M 




^1 «g 








4,447W» 




^B 




704W» 




4.4at74fi 


:D11236!lfiS ^H 


^B 




KjBxm 


Mneeai 


4.48140a 


.011111111 ^^H 












^uiuoMOii ^^M 






nMH 




4!.1l43lt7 












4.D3oa(U 


fiunMBsa ^H 


^H 






»,fllK3tiO 


4J54aM« 


.niOflwuM ^H 




WW 




l(.T4(17IH 




.DtWUIUKI ^^M 






884736 


0.T»7iiia 


4,aT««7 


.oiMiesOT ^H 


^M 


W»9 


812073 


s,si«as8 


4^04701 


.oioaoirjTS ^H 




BO"* 


MltW 


a^WMsn 


4.aim3a 


JIIU3M(K3 ^^B 








8MB874 








lOUOO 


loooooo 


ID. 




loimonooo ^H 




lovoi 


lUSflScU 


ioMW(7i; 


4.«i7U0B 




^H 




IIMim« 




4.«rJ330 


.iaiU0U3U'J2 ^^M 




liMne 


inwTCT 




4,IBTH8 


.DOOTOS73S ^^H 






II24W1 


10.I9§039 




.000616386 ^H 


^H 




llB76a6 


]U,a»aisi 


4;7I79H 


.OW^OIHIU ^^H 






iigiuia 


lu.isfitnn 


4,73aE3 




^H 


1 1440 


122fin43 










nest 


1280712 


io.»23aa 


4I7023Q3 


,0iJ!r»r2a) ^H 








w.Huaus 


4.7T«8M 














Meoaouw ^^H 




li321 


]3(l;S3) 




4!hC»96 


.oonooiuos ^^M 


^1 




14«».'« 


lO.MOUK 




.ouHvjxnit ^^M 








]0,iniii4fl 


4,I«46IW 


.ousMUAsa ^^M 




VJOM 






4,MKWM 


.0OS77I03O ^^M 






IKMSTS 




4,M2a44 


.oomiDffia ^H 


^M 




IMUBM 


IO;770S!9 


4.8700110 










lU.HIIitBt 


4,8M»T3 


JU8H70M ^^M 










4.BoiimK 


mM740Ta ^^M 




HIOI 


leffilM 


loiscwTii 


4.I.lgMS 


MMosan ^H 






ITMOiU 




4JWMS4 












4.1HIMM 




^M as 


14HHI 


IgtSSifl 


]1.04Mni 


isama 




^M 




iBiinsm 


H.0006M 


4.0731 no 


juaiwuei ^H 






inowat 


11.I3«1M8 


4.U8(M31 


.UMOMMO ^^M 


^H 








6, 


.608000000 ^H 


^B 




aucosTS 




6,013208 


joTMttnis ^H 








ii.awMW 












II,3I3T<M 




jiii78i:uwo ^H 


^1 


1. 


214«I89 


11 ^781 e 


6!o62774 


.OITTSlKIB ^H 
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SAFE BUILDING. 



No. 


Squake. 


CUBK. 


Sq. Root. 
11.401751 


Cube Root. 


Recipxocai^ 


130 


16D00 


2197000 


5,065797 


,007692308 


131 


17161 


2248091 


11.445523 


5.078753 


,007633588 


132 


17424 


2299968 


11.489125 


5,091643 


,007575758 


133 


17ti89 


2352637 


11.532562 


.5.104468 


,007518797 


IM 


17956 


2406101 


11/>75836 


5,117-230 


,007462687 


135 


18225 


2460373 


11,618950 


5,129928 


,007407407 


136 


18496 


2515456 


11,661903 


5,14-2563 


,007352941 


137 


18760 


2571.353 


1I.7W699 


5,155137 


,007299270 


138 


19(m 


26-28072 


11,747344 


6,167619 


,007246377 


139 


19321 


2685619 


11.789826 


5.180101 


/)0719424A 


1-iO 


196rJ0 


2744(J00 


11.832159 


5.1924IW 


,007142857 


141 


19881 


2803221 


11,874^2 


5.204828 


,007092198 


142 


20164 


2863288 


11,916.375 


5.217103 


/)07(M2254 


143 


20149 


29242(»7 


ll,9582oO 


5,229321 


,006993007 


144 


20736 


2985984 


12, 


5,241482 






145 


2102.-) 


3M8625 


nMiaoi 


5,2.53588 


,006896552 


146 


21316 


3112136 


12,083046 


5,'265637 


,006849315 


147 


21609 


3176523 


12,124355 


5.277632 


,006802721 


148 


21904 


3241792 


12.166525 


5,-289572 


,0067.567.^7 


149 


22201 


3ann^9 


12,20ti555 


5,301459 


,006711409 


ISO 


225(M) 


3.375000 


12,247448 


6,313293 


,006666667 


151 


22801 


^442951 


12,2882a5 


5,325074 


,006622517 


152 


23101 


a'>ll808 


12,328828 


5,336803 


,006578947 


153 


2:M09 


a'>81.577 


12.369316 


5.^8481 


,006535948 


IM 


23716 


3652264 


12.409673 


5,360108 


,006t93.'i06 


155 


24025 


372:J875 


12.449899 


5,371685 


,006451613 


156 


24336 


37}M>416 


12,48!»996 


5,.383231 


,0061102.56 


157 


24649 


3869893 


12.52J»9«H 


5,.394O0O 


,006369427 


158 


24964 


3144312 


12,569805 


5.406120 


,006329114 


159 


25281 


4019679 


12,609520 


6,417501 


,006289306 


lOD 


25600 


4096000 


12,649110 


5,4*28835 


,006250000 


161 


25921 


4173281 


12,688577 


5,440122 


,006211180 


162 


2<r244 


4251.V28 


12,727922 


6,451362 


/)061 72840 


163 


26'XK) 


43.3074T 


12,767145 


5,462556 


/)06134969 


164 


2(W96 


4410944 


12.806248 


5.473703 


,006097561 


166 


27225 


4492125 


12,845232 


5,484806 


,006060606 


166 


27.x')6 


4.'>74296 


12.8840!)8 


5,49.5865 


,006024096 


167 


27889 


46->7463 


12.1»22848 


5,.506879 


,006988024 


168 


28224 


474H.32 


12,JK>1481 


5/>I7W8 


,005952381 


109 


28.'W;i 


482t;8l»9 


13, 


5,5'28774 


,005917160 


170 


28;KH) 


491 .MMN) 


i;j,a38405 


5.r>.'«Mv58 


,005882.-J53 


171 


2in.»4i 


500U2I 1 


13.(»7<'*iU7 


5.iVi4M99 


,0058479.53 


17i 


2J».''>84 


5JIH.H448 


13.114877 


5.r>«;rjt>8 


,00581 :».53 


173 


2irirjj» 


5177717 


13.I52tM6 


,5.,57'J<J.5,5 


,005780347 


174 


:nr27i\ 


,7J(W(rJ4 


13.190IM)6 


5,.58J770 


,005747126 


175 


;jo<rr> 


5.t.V.K{75 


13,228757 


5.5l»,W45 


,0ir»7 14286 


176 


:«n»7(J 


.^^4:il77») 


13,2M.4;»9 


5.ri04<i79 


,0(V)<>818I8 


177 


3I.TJ9 


554.-.2:W 


i3.:J04i.r> 


5.(il4(;72 


,0<)5<>497I8 


17H 


31(kS1 


54i,{97r>2 


13..341«>f4 


5. (.-25226 


,0(X5(;i7978 


179 


32041 


57.r>;J39 


13.371MW8 


5.<ir>741 


,005.586.592 


180 


324(X) 


58.TiOI)0 


13.41G408 


5.646210 


,005.556.556 


ISl 


32761 


.'■>929741 


13.4.KWiJ4 


5,(;5(;<.53 


,0O55248«2i 


18J 


3.il24 


wni8r>(W 


13,4907.{8 


5.Wi7(»51 


,0lk>494.5(),5 


1S.'{ 


;i;{48!) 


612.S487 


13.527749 


5.«;774I1 


,fX>.'V4lVt48l 
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6,34 
5,94 
6.53 
7,13 
7,72 
8.31 
8.91 
9,50 
U.09 

l!88 
2.47 
3,06 
3,66 
4,25 
4.84 
5.44 
6.03 
16,63 
17,22 
17,81 
18.41 
19,00 


,578 
1.16 
1.73 
2,31 

2 89 
3,4 7 

4.05 
4,63 

6,20 
.'.,78 
6,36 
6.94 
7,52 
8,09 
8,67 
9,25 
9.83 
0.41 
0.98 
1,66 
2,14 
2,72 

3,88 
4,45 
5,03 
15,61 
16,19 
16,77 
17.34 
17,92 
18,50 


,663 

1.13 
1.G9 
2,26 

2,81 
3.38 
3,94 
4.60 
5,06 
5.63 
6,19 
6,75 
7,31 
7,88 
8,44 
9,00 
9,56 
10,18 
0,69 
1,25 
1.81 
2,38 
2,94 
3,50 
4,06 
4.63 
5,19 
15,75 
16,81 
16,88 
17,44 
18,00 


\ -t^-^t*-?-^-- .--»::>, r^-S: -£*-!%, -^■>:* -=-:=-, =™=^ 


£ 


i 
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8AFE BUILDING. 



TABLE LVI. 



lUCUMFKRKNCCS AND AREAS 


or 


CIRCLES 


FROM 


TO 100, 




c 


ALSO SvtUARRS UP TO 12. 






• 

1 




• 


• 

1 


• 

s 

s 

e 








C 








1 




2 


n 




• 


■s 




9 

2 


i 


2 




6 


< 


ac 1 


<» 


5 ' 


< 


CQ 


J 




t 


6,2832 


3,1416 


4,0000 


iV 


,19ti8 


,01^81 


,01^89 ' 


i'l"* 


6,4795 


8,3410 


4,253f) 


i 


,8927 


,0128 i 


,0156 


! A 


6,6759 


3,5466 


4,5 15G 


8 


,5890 


,0270 i 


,0852 . 


6,8722 


3,7583 


4,7852 


i 


,7854 


1 

,0491 


,0025 


: i 


7,0686 


3,9761 


5,0625 


A 


,9817 


,0707 


,o9 77 . 


,V 


7,2649 


4,2000 


5,3477 


i 


M7S1 


,1104 


,14o0 


1 


7,4613 


4,4301 


5,6406 




1,3744 


,1508 


,1914 


i'« 


7,6576 


4,6664 


5,9414 


i 


1,5708 


,1968 


,2500 


A 


7,8540 


4,9087 


6,2500 


>• 
1« 


1,7(571 


,2485 


,8164 


8,0503 


5,1572 


6,5664 


i 


l/.Kiao 


.8«>08 


,8906 


i 


8,2467 


5,4119 


6,8906 


li 


2,1598 


,8712 


,4 727 


n 


8,4430 


5,6727 


7,2227 


J 


2.8:)62 


,4418 


,5625 , 


i 


8,6394 


5,9896 


7,5625 




2.o525 


,5185 


,6002 


u 


8,8857 


6,2126 


7,9102 


i 


2,:4f<9 


' ,(><>! 8 


,7050 




9,0821 


6,4918 


8,2656 


16 


2,9452 


,r.9u8 


,87>9 


15 

16 


9,2284 


6,7771 


8,6289 


1 


:t.in«; 


,7s:.4 


1.0000 


8 


9,4 24 S 


7,0686 


9,0000 


1 


:i. ;{.{::• 


,8806 


1,1 2^9 


1 


9,0211 


7,8662 


9,3789 


i 


;>..'»;'» io 


,994«> 


l.2«'.50 


^ 


9,S175 


7.6099 


9.7656 


t 
1 ••' 


,"i,7;»«M; 


l.lo7.*> 


1.4 102 




lo,nl4 


7,9798 


10J60 


i 


:i,!»J7(> 


1.2272 


1,5025 


i 


10,210 


8,2958 


10,56.-^ 


• > 

1 •» 


4,r2:^S 


l,85;i<> 


1,7227 


1 "^ 


1«».4«»7 


8,0179 


10,978 


1^ 


4,;U9 7 


1.4N49 


l.>J«o6 


f 


ln.0o8 


8,9462 


11,891 


\'a 


4.:)i(;o 


1,0230 

1 ' 


2.o0»;4 


\i 


10,799 


9,2806 


11,816 


i 


4,71i>4 


1 

l,7r,7i 


2,2500 


i 


10.996 


9,6211 


12,25(» 


1/. 


4,:»OS7 


1,9175 


2,4414 


1 A 


11,192 


9,9078 


12,091 




5.1001 


2,07;;9 


2.«.4n0 


•3 


11,388 


10,821 


18.141 


1 1 

10 


5..k>14 


2,2300 

1 


2,84 7 7 


1 1 

16 


11,585 


10,680 


18,598 


2 

4 


5.4978 


1 
2,40.58 


8.0025 


4 


11,7S1 


11,045 


14.063 


1 t^ 


5.6:>4l 


2,5 so 2 


8.2S52 


1 5 

1 »• 


11,9 7 7 


11.416 


14,535 


i 


,"».SiM»5 


2,7012 


3,:) 150 


i 


r_M74 


11.798 


15.016 


a 


(i,n.sG8 


. 2,94^3 . 


8,7539 , 


■ \i 


12,3 70 


1J,177 


15,504 



TABLE LVI. (continued.) 



TABLE LVI. — CIRCUHFERENCBS AKD AREAS OP CIRCLES I 
TO 100, ALSO BQUAKRS DP TO 12, (CONTINOltt). 





i 

< 


s 


!2,5S6 
12,763 
12,959 
13,155 


12,666 
12,962 
13.364 
13,772 


16,000 
16,504 
17,016 
17.536 


13,352 

13,o4S 
13.744 
13,941 


14,186 

14,607 
15,033 
15,46S 


18,063 

18,593 
19,141 

19,691 


14,137 
14,334 
U,5S0 
14,728 


15,904 
16,349 
16,800 
17,25r 


20,250 
20,816 
21,391 
21,973 


14,923 

15,119 
15.315 

15,512 


17,721 

18,190 
18,665 

19,147 


22.588 
23,160 
23,768 
24,379 


15,708 
15,904 
16,101 
16,237 


19,695 
20,129 
20,629 
21,135 


25,000 

25,629 
26,266 
26,910 


16.493 

16,S»0 
16,8^6 

17,082 


21.648 
22,166 
22,691 
23,321 


27,568 
28,223 
28,891 
29,566 


17,279 
17,4 75 

17,671 
17,868 


23,758 
24,301 

24,850 
25,406 


30,250 

30,941 
31,641 
32,348 


18,064 
16,261 
18,457 
18,663 


25,!)67 
26,535 
27,109 
27,668 


33,063 
33,785 
34,516 
35,254 







i 


i 


18,850 
19,046 
19,242 
19,489 


28,274 

28,866 
29,465 
30,069 


19,635 
19,831 
20,028 
20,224 


30,6»0 
31,296 
31,919 
32,548 


20,420 
20,617 

20,813 
21.009 


33,183 
33,824 
34.472 
35.125 


21,206 
21,402 
21,598 
21,795 


35,785 
36,450 
37,122 
37,800 


21,991 
22,187 
22,384 
22,680 


88,485 
39,175 
89,871 
40,574 


22,777 
22,973 
23,169 
23,866 


41,282 
41,997 

42,718 
43,445 


23.662 

23.758 
23,955 
24,151 


44,179 
44,918 

45.664 
46,415 


24,347 
24,544 

24.740 
24,936 


47.173 
47,937 
48.707 
49,483 



52,563 
53,473 
64,391 



66,250 

57,191 
58,141 
69,098 

60.065 
61,035 
62,018 
68,004 
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SAFE BUILDING. 



TABLE LVI. — CIRCUMFERENCES AND AREAS OF CIRCLES FROX 
TO ICK), ALSO SQUARES UP TO 12, (CONTINUED). 



Diameter 

or aide. 


• 

s 

E 
2 

25,133 
25,329 
25,525 
25,722 


■ i 

< 


1 

I 1 


• 

1 

s 

s 
5 

. 10 

■ 1 


Clroumferenoo. 


1 
1 

i 

< 


• 

S 

9 


8 

t 


50,265 
51,054 
51.849 
52,649 

1 


64.000 
65,004 
66,016 
67,035 

1 


: 81,416 
81,612 

; 31.809 
82,0l»5 


78,540 100,00 
; 79,525 101,23 

80,516 102,52 
, 81,513 108,79 

1 


1 


25,918 
26,114 
26,311 
26,507 


53,456 
54,269 
55,0«8 

55,914 

1 


68.063 
69,098 
; 70,141 
71,191 . 




1 32,201 
82,398 
32,594 
32,790 


82,516 105,06 
88,525 106,.^5 
84,541 107,64 

1 85,562 ' 108,94 

j 1 


ii 


26,704 
26,900 
27,096 
27,293 


56,745 

' 57.583 

68,426 

59,276 

1 


72,250 
' 73,316 
1 74,391 

1 75,473 

1 


A, 


32,987 
88,183 
33,379 
33,576 


86,590 ' 110,25 
87,624 111,57 
88,664 112,89 
89,710 114,22 


1 


27,489 
27,685 
27.8X2 
28,078 


; 60,132 
, 60,994 
i 61,S62 

' 62,737 

1 


1 76,563 
' 77,660 , 
7s,766 ' 

' 79,879 

1 ' 


i 

1 


83,772 
88,968 
34,165 
34,361 


90,763 ; 115,56 
91,821 , 116,91 
92,886 ; 118,27 
93,956 119,63 


9 ' 

a; 


28,274 
28,471 

28,f;<M 

28,863 


' 63,617 
64,501 
65,397 
66,296 


81,000 ' 
82,129 , 
83,266 

84,410 

1 


11 ' 

"10. 


34,558 ; 
34,754 1 
34,950 ' 
35,147 ' 


95,033 121,00 
96,116 122,38 
97,205 1 123.7 7 
98,301 ; 125,16 


■A' 


29,060 
29,2;><; 
29,-4.V2 
29,649 


67,201 
68,112 
69,029 
69,953 


85,563 ' 
«6,723 
87,«91 
89,066 1 


Vb, 


1 
35,343 1 
35,539 1 
3:),736 ' 

35,932 ! 

1 


99,402 ' 126.56 
100.51 ,' 127,97 
101,62 129,39 
102,74 130,82 


i 

4i 


20,84.5 
80,041 
30.2;i8 
30,434 


70.8S2 
71,H18 
72,760 
73,708 


90,250 ! 
91,441 
92.641 
93,848 1 


i ' 

^ ; 


36,128 ! 
36,325 1 
36,521 
36,717 


103,S7 1 132,25 
105,00 1 133,69 
106,11 ! 135,14 

107,28 136,60 

1 




30,631 
30,«27 
31.023 
31,220 


74,662 
75,622 
76,r>S9 
77,561 


95,063 1 
96,2H5 
97,516 I 
98,754 ' 


1; 


36,914 1 
37,110 ' 
37,306 1 
37,503 • 


108,43 
109,59 
110,75 
111,92 


138,06 
139,54 
141,02 
142,50 



TABLK LVI. (OONTIN'UED). 



TABLE LVI. — CIBCUHPBRRHCBS A!tt> AKBAS or CIRCLEB FROM 

TO 100, (continued). 



i 




i 

< 


J 


1 


i 

1 


j 




1 


12 1 37,6991 
i 188,0918 
I ' 38.484S 
1 ' 38,8772 


113,10 

115,47 
117,86 
120,28 


16 


60,2655 
50,6682 
51.0609 
61,4436 


201,06 
204,22 
207,39 
210,60 


20 


62,8319 
63,2246 
63,6173 
64,0100 


314,16 
318.10 

322.06 
326,05 


), 39,2699 
1 39,6626 
1 40,0553 
40,4480 


122,72 

125,19 
127,68 
130,19 




61,8363 

52,2290 
52,6217 

53,0144 


213,82 

217,08 
220,35 
223,66 


i 

1 


64,4026 
61,7953 
65,1880 
66,5807 


830,06 

331,10 
3:18,16 
342,25 


13 40,8407 
i: 41,2334 
4 ! 41.6261 
|; 42,0188 


182,73 
136,30 
137,89 

140,50 


17 

1 


53,4071 
53,7998 
54,1925 
54,5852 


226,98 
230,33 
233,71 
287,10 


21 


66,9734 
66,3661 
66,75M« 
67,1515 


346.36 
350,50 
354.66 
358,84 


42,4115 
42,8042 
43,1969 
. 43,5896 


148,14 
145,80 
148,49 
151,20 




54,9779 

59,3706 
55,7633 
56,1560 


240,53 

243,98 
247,45 

250,96 




67,5442 
67,9369 
68,3296 
68,7223 


363,05 
367,28 
371,54 
375,83 


14 


43,9623 
44,3750 
44,7677 
46,1604 


153,94 
156,70 
159,48 
162,30 


18 

1 


56,5487 
56,9414 
57,3341 
57,7268 


254,47 

258,02 
261,59 
266,18 


22 


69,1150 
69,6077 
69,9004 
70,2951 


380,13 

384,46 
388,82 
393,20 




45,B53I 
46,9458 
46,3385 
46,7312 


185,13 
16 7,99 
170,87 
173,78 




58,1195 
58,5122 
58,9049 
59,2976 


268,80 
272,45 
276,12 
279,81 




70,6858 
71,0785 
71,4712 
71,8639 


397.61 
402,04 
406,49 
410,97 


15 

1 


47,1289 
47,5166 

47,9093 
48,3020 


176,71 
179,07 
182,65 
186,66 


19 69,6903 
60,0830 
60,4757 
, 60,8684 


283,53 

287,27 
291,04 
294,83 


23 

1 


72,2566 
72,64113 
73,0420 
73,4847 


415,48 

420,00 
424.56 
429,13 




48,694 7 
49,0874 
49,4801 
49,8728 


188,69 
191,75 
194,H3 
197,93 1 




61,2611 
61,6538 
62.0465 
62,4392 


298,65 
302,49 
306,35 
310,24 




73,8274 

74,2201 
74,6128 
76,0055 


433.74 
438.36 
44.1.01 
44 7,69 



I AREAS Op CIRCLES 1 








TO 


00, (CON 


TINC-KDJ 








. 1 




7 












1 1 


i 

■< 


28 




J 


32 

1 


5 


i 


ai 7s,.ina3 
;6,-aofl 

7H,I836 
■ 76,6763 


452,89 
457,11 
461,86 

466,64 


87,9840 
88.3573 
88,7500 
89,1427 


Glfl,75 
621.26 
636.80 
632,36 


100,531 
100,924 
101.316 
101,709 


804.25 
810,54 
816,86 
823,21 


7«.9990 
7r,H617 
77,7544 
78,1471 


471,44 
4-6,»i 

481,11 
486,98 




8»,5354 
8!>,92»1 
90.3208 
90,7185 


637,94 
643,55 
649.18 
654,84 


i 


102,102 

102,494 
102.887 
103,380 


829,58 

83S.97 
84 3,39 
848,83 


25 '7«,530e 
4 7i*,ysBS 

1 71t,7179 

' 1 


^ 90,87 

495,7.1 
500,74 
505,71 


39 

1 


31,1062 
91,4!)H9 
91,8916 
92,284 » 


660,58 

666,23 
671.96 
677,71 


.13 


ios,6rfi 

104,065 
1 04.458 
I04,»ai 


855,30 

861,79 
8(i8,3I 
874,85 


; 80,1106 
! 80,5088 

m.Fineo 

Ml, 288 7 


510,71 
815,78 

820,77 
525,84 


1 


92,6770 
93,0697 
93,4624 
93,8551 


683,49 
689,30 

695,13 
700,98 




105,243 
105.630 
106,029 
100,421 


881,41 
888,00 
894,62 

901,26 


26 8] ,6814 
i ' ;* 2,0 741 
J ■ 82.4(;68 

i ••-"■'"■ 


530,93 
536.05 
641.19 
64(i,S6 


30 


94,2478 

94,6405 
95,0332 

95,4289 


706.86 
712.76 
718,69 
734,64 


34 


106,814 
107.207 
107,600 
107,992 


907,92 
B14.61 
021,32 

928,06 


1 
83,3532 

83,8449 
84,0376 
84,4303 


551,55 
556.76 
562.00 
567,27 




95,8186 
96,2113 

96.6040 
96,9967 


730,62 

786,82 
742.S4 

748,69 




108,385 
108,778 

1091563 


934.82 
941.61 

94N.42 
955,25 


27 '84,8230 
'8S.2I57 
'85,6084 
86,0011 


572.-16 
577.87 
583,21 
588.57 


31 


97..1894 
97.78^1 
98,1748 
98,56 75 


754,77 
T60.87 
766.99 
773,14 


35 


109,956 
110,348 
110,741 
111,134 


962.11 

969.00 
975.91 
982,84 


' 86,3938 
86,7865 

w-.iJ;i-> 

87,5 719 


593,96 
599.3 7 
6(M.SI 
610,27 




98,9602 
99.352! 
99.74^6 
100.138 


779,31 
7«5,fll 
791,73 
797,98 




111,527 
111.919 

112,312 
112,705 


989.80 
996,78 
1003.8 
1010,8 



-^ 



TABLR LVI. (continued). 
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TABLE LVI. — CIRCUMFERENCES AND AREAS OF CIRCLES 

TO 100, (continued). 



FROM 




87 



88 



89 



13,097 
13,490 
18,883 
14,275 

14,668 
15,061 
15,454 
15,846 

16,239 
16,682 
17,024 
17,417 

17,810 
18,202 
18,596 
18,988 

19,381 
19,773 
20,166 
20,559 

20,951 
21,344 
21,737 
22,129 

22,522 
22,915 
23,308 
23,700 

24,093 
24,486 
24,878 
25,271 



1017,9 
1025,0 
1032,1 
1039,2 

1046,3 
1058,5 
1060,7 
1068,0 

1075,2 
1082,5 
1089,8 
1097,1 

1104,5 
1111.8 
1119,2 
1126,7 

1184,1 
1141,6 
1149,1 
1156,6 

1164,2 
1171,7 
1 1 79,3 
1186,9 

1194,6 
1 202,3 
1210,0 
1217,7 

1225,4 

1233,2 

1241,0 

11248,8 




125,664 
126,056 
126,449 
126,842 



1 127,235 
127,627 
128,020 
Ji 128,413 



41 128,805 
129,198 
129,591 
129,993 

130,376 

130,769 

131,161 

I 131,554 

42 131,947 
132,340 
132,732 
133,125 

153,518 
133,910 
134,303 
134,696 

43 135,088 
135,481 
185,874 
136,267 

186,659 
137,052 
187,445 



1256,6 
1264,5 
1272,4 
1280,3 

1288,2 
1296,2 
1304,2 
1312,2 

1820,3 
1328,3 
1336,4 
1344,5 

1852,7 
1360,8 
1369,0 
1377,2 

1385.4 
1393,7 
1402.0 
1410,3 

1418,6 
1427,0 
1435.4 
1443,8 

1452,2 
1460,7 
1469,1 
1477,6 

1486,2 
1494,7 
1503,3 



I 137,837 11511,9 



S 




44 



45 



46 



47 



i 



38,230 
38,623 
39,015 
39,408 

39,801 
40,194 
40,586 
40,979 

41,372 
41,764 
42,157 
42,550 

42,942 
43,335 
43,728 
44,121 

44,513 
44,906 
45,299 
45,691 

46,084 
46,477 
46,869 
47,262 

47,655 
48,048 
48,440 
48,838 

49,226 
49,618 
50,011 
50,404 



i 



1520,5 
1529,2 
1537,9 
1546,6 

1555,3 
1564,0 
1572,8 
1581,6 

1590,4 
1599,3 
1608,2 
1617,0 

1626,0 
1634,9 
1643,9 
1652,9 

1661,9 
16 70,9 
1680,0 
1689,1 

1698,2 
1707,4 
1716,5 
1725,7 

1 734,9 
1744,2 
1 753,5 
1762,7 

1772,1 

1781,4 

1 790,8 

1 1800,1 



§xrz m^ 



• • . m, 



AXXAS or 



CIKCIXS TMOM 





f 








§ 










» 








• 








^ 










ft 






^ 










^ 






• 




w 






k 


s 






^ 


S 






^ 




C 






c 








s 








s 




^^ 








•• 




S 


i 


• 






x 




k 




• 


— 


^ 




< 


- 4 


- 




< 


— 




- 




< 


4* 


:-!..: 


• • 


* ••.■•.^ 




*^ 


» ^v"^* ■ 


w ■ 


* 
k 


:5.?i? 


24 


•^- :<.«.» 


t 

t 


• T • • 


• « 


I?I -•." 


t 


:-:-^.:>: 


^"^ 


:34,.- 


i 


1 


Z'^.^ti 


24 


r4j> 




«^ 


:«r»-i 




:-4.i4- 


^ "* 


:«.2 


■ 
4 


• 
1 


r»i.rx5 


24 


**->,«> 


i 


lii.:- 


• -« 


i^z:..* 


1 

t 


:-:4->4: 


■» 


:>4-i 


i 


* 
A 


::.ior 


2496.1 



r-, 9 J 



4 1^2,:' r :•->:. 



4 






1 

• 

4 



>:4J'.V4 f>*4> 

:-:c^2' 2:75.; 

'--'71' "^ * •» i 4 



4C« 153.53- :^v!i.7 53 l-i^.'^ 22'>?,2 5: 



^ 1S4.33I >95.4 

I 104.723 i:-'.0 

I 155,110 1?14,7 

4 155.50:' ;:*24.4 

I 155,I>«ri 1 534.2 

3 l.:f).2>4 : '43.V 



f :'>^.'?-7 221-.' 



J 1'7.2- 



1 

9 



50 l'^7.«'"»''' r>»^.3..' 54 
jl 157.472 l;*:3.:i 
\ 157. •<»':/ l'.^'»3.-' 
J 15H.258 K':';j.l 

^ 158,G5'» 2'»03.«'' 

^ 150.«»43 -JO 12.1* 

J 15:*.436 L'"2-J.*^ 

i 15:«.*»2:» 'JMa-i.** 

» 

51 1«;0,22I 2"42.s :.5 
^ 1«;«»,G14 2M'»2,^ 
i l»;i.0O7 20**.2,f* 

I i*;i,3:*i» 2073.M 

X lGl,7f»2 20X3.1 

I 1 02,1 85 20fK3,2 

a ir,2,577 2108,3 

I 102,970 2113,5 



•*'4«i 2''27, 



:^7.t^3 22i7.5 



i 1 «?>.»> 75 224S.«"» 
i l'>,4'> 225 V'. 



I 



i 

i 



1 


I' '*.-' 1 


-/•»r -1 T 


i 


s 


l'iM'53 


2_'7 •.»; 


» 




i-:?.'-4'^ 


2 2?"'. 2 


.'^ 




Km......' 


■j;;- '■•.'* 






17".4:.I 


2.. 11.;. 


« 

4 


J. 

s 


::'.'.^24 


L'3l'2.1 


i 


* 

A 


171.217 


•_';:32.^ 




* 


171. •■••:* 


2343.:. 




i 

a. 


1 7 2.' •'•2 


2::'»4.:; 


-i 


172.3l*5 


•-'.>'■ 5. «• 


^ 




172.7>^ 




h:< 


i 


i::;.i>^M 


2. ■>»•.♦". 


i 


J 

4 


1 73..*> 73 


23: '7.:. 


1 

4 


fc 


173,:«»'«.; 


24 us. 3 


1 


^ 


174,35s 


24iri,2 


^ 


Jf 


174,751 


243n.i 




1 


17-..n4 


2441.1 


1 


i 


1 75,530 


2452,<» 


m 

i 



7r.5«>» 2.">«>r.2 

77,'^:r3 251'*.3 
7'i,2>5 252:*.4 



^^.^>. 



254«>.6 



75.n71 2551.« 

75.4«>3 25t;,1.0 

75. ♦•,">•? 2574.2 

^J.245 25.h5,4 

t 

<".»?42 259fi.7 

^l,o34 2608.0 

^1.427 2^:i!*.4 

**l.s2«» 2»}3«».7 

^2.212 2642.1 

v2.:»'.i> 20»u.;» 

>3.3l»U 20 76,4 

'-3.7'^3 20>^7,« 

84.170 20!»:»,3 

84.501» 2710,l» 

84.1*61 2722.4 

S5.354 2734,0 

s5,74 7 2745,6 

s0.13i» 2757.2 

S6.532 276><.8 

86.025 2780,5 

87.317- 2792.2 

87.710 2803.9 

88,103 2815,7 



— CIRCUHFBRENCBB AND AREAS Of 

TO 100, (continubd). 



188,496 
188,888 
189,281 
189.074 


2827,4 
2839,2 
2851,0 
2862,U 


190,066 
190,459 
190,8S2 
191,344 


2874,8 
288G,ii 
2898.6 
2910,5 


191,637 
192,030 

192,423 
192,815 


2922,5 
2934,5 

2946,5 
295«,5 


198, SOS 

193,601 
193,993 
I94,38li 


2970,6 
2982,7 
2994,8 
3006,9 


194,779 
193,1^1 
195,564 
196,957 


3019,1 
3031,3 
3043,5 
3055,7 


196,350 
196,742 
197,136 
197,528 


3068,0 
3080,3 
3092,6 
3104,9 


197,920 
198,313 

198,706 
199,098 


3117,2 
3129.6 
3142.0 
3154,5 


199,491 
199,884 
200,277 
200,6b9 


3166.9 
3179,4 

3191,9 
8204,4 



201,062 
201,455 

201,847 
202,240 


3217,0 
3229,0 
3242,2 

3254,8 


202,633 
20a,025 
203,418 
203,«H 


3267,5 

3280,1 
3292,8 

3305,6 


204,204 

204,596 
204,989 
205,382 


3318.3 
3331.1 

3343,9 
3356,7 


205,774 
206,167 
206,560 
206,962 


3369,6 
3382,4 
3895.3 
3408,2 


207,345 

207,738 
208,131 
208,523 


3421,2 
3494,2 
3447,2 
3460,2 


208,916 
209,309 
209.701 
210,094 


3473,2 

3486,3 
3499,4 
3512,5 


210.487 
210,879 
211,272 
211,665 


3525,7 
3538.8 
3552.0 
3565,2 


212,058 
212.4SO 
212.843 
213,236 


3578,6 
3591.7 
3605,0 
3618,3 



68 213,628 3631,7 

i 214,021 3645,0 

} 214,414 3658,4 

f. 214,806 3u;i,8 



215,199 
215,598 
215,984 
216,377 


3685,3 
3698,7 
3712,2 
3726,7 


216,770 
217,163 
217,555 

217,948 


3739.3 

3752,8 
3766.4 

3780,0 


218,341 
218,733 
219.126 
219,519 


3793,7 
3807,3 
3821,0 
3834,7 


219,911 

220.304 
220,697 
221,090 


3848,5 

3862.2 
3876,0 
3889,8 


221,482 
221,875 
222,268 
222,660 


3903,6 
3917,5 
3631.4 
3945,3 


223,053 
223,446 
223,S3IS 
224,231 


3959.2 
3973.1 

3987,1 
4001,1 


224,624 
225,017 

225,409 
225,802 


4015,2 
4029.2 
4048.8 
4057,4 
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8AFK BriI.DIX6. 



TABLE LVI. — 



CIRCrXFERE2?CES AXI> ABEAS 

TO I'.H). (costiwued). 



OF CIRCLES FROM 



s 

9 



C 
« 
9 

s 

3 
k 

5 






72 



226,iy.> 
i 226,587 
i 226.080 
I 227,373 

I 
1 227,765 
I 22K,15M 
a 22S»551 
I 228,944 
I 
73 229,336 
1 229,729 
230,122 



4071..> 
40^5 
4099 
4114 



I 



74 



i 



230,514 

230,907 
231.300 
231,692 
232,085 

•232,4 78 
232,><71 
23 3, 2^; 3 
233,6^)6 



^ 234,049 

5 234,4 11 

a 234,x34 

X 23:),227 



75 235,619 

I 236,nl2 

I 2:i«;,K>:) 

f 236, 79S 

i 23 7,190 

I 23 7.:.H3 

-J 23 7,:»76 

J 238,368 



4128 
4142 
4156 
4171 

4185 
4199 
4214 
4228 

' 4242 
4257 
4271 
42S6 

430O 
43i:> 
4329 
4344 

43:i9 
4373 

■ 43MS 

4403 

I 
4417 

4 432 

4 14 7 

:4402 

44 77 
44!>1 
4 ■)(>»; 

4521 



8 




2 

5 

8 



c 
a 



3 

o 



i 



76 238,761 ' 4536,5 

I 239,154 ; 4551,4 

i 239..VI6 ! 4566,4 

I 239,939 4581,3 



1 



i 



240,332 4596,3 

! 240,725 4611,4 

■241,117 4626,4 

241,510 4641,5 



1 1 



241,903 
242,295 

242,688 
243,081 

X 243,473 

I 243,866 

J 244,259 

I 244,652 



78 






2 4:),044 
215.437 
24."..^3(» 
246,222 



^ 24«;.6i:> 

I 24 7.0ns 
? 24 7.4<H> 



i 



24 7,7I«3 



79 248.1 8»; 

V 24S,:)7:» 

\ 248.!»71 

2 ^l 24 9,3t;i 



4656,6 
4t;71,8 
4»;86,9 
4 7U2,1 

4717,3 
4 732,5 
4747,8 
4 763,1 

4 7 78.4 

4 7:';;,7 

4sn|>.(» 
l>^24.4 

4>3:».s 

4^:>5.2 
4^70.7 

4>8t;,2 

4:'01,7 
4:»17,2 
4 932.7 
494S,3 






9 



B 
3 

£ 

6 



« 

%m 



»0 251,327 
251,720 
252,113 
252,506 



I 252,898 

I 253,291 

I 253,684 

I 254,076 

I 
81 254,469 

254,862 

, 255,254 

255,647 

X ' 256,040 
I 256,433 
I 256,825 
i 257,218 






1 



I 

i 



257,611 
25M,oo3 
258,3:>6 
258,789 

259,181 
259.574 
259.96 7 
260,359 



5026,5 
5042,3 
5058,0 
5073.8 

5089,6 
5105,4 
5121,2 
5137,1 

5153,0 
'' 5168,9 
' 5184,9 

! 5200,8 

I 

5216,8 
5232,8 

5248,9 
5264,9 

5281,0 
52!»7.1 
5313,3 
5329,4 

5345.6 
! 5361,8 
j 53 78,1 
! 5394,3 



83 260,752 i 5410,6 

I 261,145 1, 542(5,9 

\ 261,538 5443.3 

I 261,930 , 5459,6 



\ 24:>,757 4!m;3.9 

8 I 2.")n.ni> 4:«7:«,5 

7 ■; 2.')0,:>i2 4 :•:»:». 2 

5 1 250,935 5U1U,9 



^ 262.323 j 54 76,0 

I 262.716 15492,4 

i? 2<i3.108' 5508,8 

I 263,501 5525,3 



TABLE LVI. (continued). 
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TABLE LVI. 



CIRCUMFERENCE AND AREAS OF CIRCLES FROM 

TO 100, (continued). 



s 




84 



85 



86 



2G3 
264 
264 
265 

265 
265 
266 
266 

267 
267 
267 
268 

268 
268 
269 
269 



894 
286 
679 
072 

465 
857 
250 
643 

035 
428 
821 
213 

606 
999 
392 
784 

177 
570 
962 
355 

748 
140 
533 
926 

319 
711 
104 
497 

889 
282 
675 
067 



5541,8 
5558,3 
5674,8 
5591,4 

5607,9 
5624,5 
5641,2 
5657,8 

6674,5 
5691,2 
5707,9 
5724,7 

5741,5 
6758,3 
6775,1 
5791,9 

5808,8 
5825,7 
5842,6 
5859,6 

5876,5 
5893,5 
5910,6 
5927,6 

5944,7 
5961,8 
6978. 9 
5996,0 

6013,2 
6030,4 
6047,6 
6064,9 




88 



89 



90 



91 



276,460 
276,853 
277,246 
277,638 

278,031 
278,424 
278,816 
279,209 

279,602 
279,994 
280,387 
280,780 

281,178 
281,565 
281,958 



6082,1 
6099,4 
6116,7 
6134,1 

6151,4 
6168,8 
6186,2 
6203,7 

6221,1 
6238,6 
6256,1 
6273,7 

6291,2 
6308,8 
6326,4 



282,351 6344,1 

282,743 6361,7 
283,136 6379,4 
283.529 ! 6397,1 
283,921 6414,9 

284,314 6432,6 
284,707^6450,4 
285,100 6468,2 



285,492 



6486,0 



285,885 6503,9 
286,278 6521,8 
286,670 6539,7 
287,063 ! 6557,6 

i 

287,456 6575,5 
287,848 : 6593,5 



288,241 
288,634 



6611,5 
6629,6 



3 

92 



93 



94 



95 




i 



289,027 6647,6 

289,419 6665,7 

289,812 6683,8 

290,205 6701,9 

290,597 6720,1 

290,990 6738,2 

291,383 6756,4 

291,775 6774,7 



292,168 
292,561 
292,954 
293,346 



6792,9 
6811,2' 
6829.5 
6847,8 



293,739 6866,1 
294,132 '6884,5 
294,524 : 6902,9 
294,917 6921,8 

295,310 6939,8 
295,702 6958,2 
296,095 6976,7 
296,488 1 6995,3 



296,881 
297,273 
297,666 
298,059 

298,451 

298,844 
299,237 



7013,8 
7032,4 
7051,0 
7069,6 

7088,2 
7106,9 
7125,6 



299,629 •■ 7144,3 

I 
800,022 7163,0 
300.415 7181,8 
300.807 , 7200,6 
301,200 7219,4 



TABLE LTI. — OimcCM 



1 






1 


■ 


1 


96 


301,593 
301,!(»6 


7288,2 
7237,1 


1 


302.378 
SOS, 7 71 


7STB,0 

ias*,9 




303.164 
303.d3S 
303,M9 
801,348 


7313,8 
738B.8 
73il.B 
7870,B 


8T 

5 


804, TS4 

80B,ia7 
305.5 SO 


7408,9 

7ia8,o 1 









1 


305,913 


7447,1 


3nG.305 

SU6,t)98 
307,0111 
307.483 


746fi.S 
7466,3 

7604.fi 
7583,7 


307.876 
flOM.:i69 
308,881 
809.054 


7ft48,0 

75HS,2 
7581.5 

7800.8 


309.447 

800,840 


7820,1 

7e3S.5 



311,018 

3n,-iio 

3I1,S03 
312,196 

312.588 

312,1181 
313.374 
313,787 



7697,7 
7717,1 
7T36,« 
77S6,1 



7834.4 
785*,0 



TABLE LVIL 
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TABLE LVIL 

DECIMAL PARTS OF AN INCH FOR EACH ^ OF AN INCH. 



FBACTION. 



f 



Decimal. 



0,015625 
0,08125 
0,046875 
0,0625 

0,078125 
0,09375 
0,109375 
0,125 

0,140625 
0,15625 
0,171875 
0,1875 

0,203125 
0,21875 
0,234375 
0,25 I 

0,265625 I 
0,28125 
0,296875 I 
0.3125 



Fbactiow. 



Decimal. 



0,328126 
0,34376 
0,359376 
0,375 

0,390625 
0,40625 
0,421875 
0,4376 

0,453125 
0.46876 
0,484376 
0,5 

0,515625 
0,53125 
0.546875 
0,5625 

0,578125 
0,59375 
0,609375 
0,626 

0,640625 
0,65625 
0.671875 
0.6875 



Fraction. 



I 



Decimal. 

0,703125 

0,71876 

0,734376 

0,75 

0.765626 
0,78125 
0,796875 
0,8125 

0,828125 
0,84375 
0,859376 
0,875 



0,890625 
0,90625 
0,921875 
0,9375 

0,953125 

0,96875 

0,984375 



25S 



SAFE BUILDING. 



TABLE LVIII. 

DECIMAL PARTS OF A FOOT FOR EACH ^^ OF AX INCH, FROM 0'' TO 12". 



Inch. 










u 



1 



3 



5" 6' 



7" 



Iff 



\n 



,u^:i3 ,1667 ,25w ,3333 ,4167 ,5000 ,5833i,6667 ,7600 

,7518 



,0013 ,0846 .1680 ,2513 ,3346 ,4180 ,5013 ,5846,,6680 ,7518 ,8346 
i,i»026 .0851^ ,lt;i«3 ,2526 ,3351* ,4198 ,50-26',5859:,6693:,7526 ,8859 
,008i* ,0872 ,1706 ,258i* ,3372 ,4206 ,5039 ,5872|,6706 ,7589 ,8372 
,0052 ,0885 ,1719 ,2552 ,3885 ,4219 ,5052 ,5885 ,6719 ,7552 ,8385 



10 



»/ 



11 



// 



,8883 









It I 

1*6 

r\ 



,(H>65 
,0078 
,0091 
,0104 

.0117 
,0180 
,0148 
,0156 

,0161» 
,0182 
,01 J).-) 
,020vS 

,0221 
,n2:il 
,0217 
,02(10 



,1 732 ,2565 ,8398 ,4232 ,5065 ,6898 
.1 745 ,2o7^ ,3411 ,4245 ,5078 ,5911 



,0898 

,01»11 

,0i*24 ,1 7,58 ,25iM ,8424 ,4258 ,5091 ,5924 ,6758 

,0987,1771 ,2604 ,8437 ,4271 ,5104 ,5937 ,6771 



,6782 
,6745 



I 



,09,') 1 
,OJ»64 
,o;>7 7 
,0990 

,1008 
,1016 
,1029 
,1042 

,10.*) 5 
,106s 
,10M 
,1091 



.1784 ,2617 ,3451 ,4284 ,5117\595li,6784 
,1 797 ,2630 ,.{464 ,4297 ,5130 ,5964|,6797 
,1810 ,2648 ,8477 ,4810 ,5148:,5977;,6810 
,1823 ,2656 ,3490 ,4328 ,5156 ,5990 ,6828 



.0278 ,1107 
.njSt; .112i» 
i,oi>!»:» ,\\x\ 

i,o;n2,iM6 

I 1 
|,o:i2»; ,ii.')9 

.o;i;{i» ,117-j 

,o.sr)2 ,11 M.') 

,0365 ,1198 



.0:UH,1211 
|.o;{!)l',l221 
1.0104,12,^7 
!,0.tl7 .r.>.')0 



.1 



1886 ,2669 ,8508 ,4336 ,5169 ,6003 ,6886 

,6849 

,6862 
,6875 



1849 ,2682 ,8.'>16 ,4849 ,5182',6016 
1862 ,2695 ,8.529 ,4862 .5195 



1875 ,2708 ,8542 ,4375 .5208 

I I 
1888 ,2721 ,\\hbo ,4888 ,.'>221 
1901 ,27.S4 .8:>6s,4401 ,52,'U 



,6029 
,6042 



,60.55 ,6888 
,60(;8',6901 



11M4 .2:47 ..V)^l ,4414 ,5247 ,»;081 ,6914 ,7747 



1927 ,276o :iyj^ .4427 ,5260„6094 ,6927 



I 



l:>40 ,2778 
r.>.5,S ,27^6 

i9t;r. ,279:« 

H»7'.» ,2812 



..'^607 ,4440 ..5278 
.:it;20 ,4458 ,5286 
.86;J:*» .4466 .529!» 
,8646,4479,5812 



i;>92,2826 
200.5 .L>s;i:» 
2nis , 28.5 -J 
2031 ,2S6.5 ,o698,4581 



..S659 ,4492 ,5826 

.86 72,4505,5.S89 

..S»;s.5,451S ,58.52 

,5865 



2044 ,2878 
2057 ,2S!a 
2070,2904 
20.s;^ ,291 7 



..'^711 ,4544 ,5878 
,8724 ,4557 ,5891 
.8 737 ,4570,5404 
,.■5750 .458.'> .541 7 



,8398 
,8411 
,8424 
,8487 

,8451 
.8464 
,8477 
,8490 

,8503 
,8516 
,8529 
,8542 

,8555 
,8568 
,8581 
,8594 

,8607 
,6120,69581,7786,8620 



,7665 
,7678 
,7691 
,7604 

,7617 
,7680 
,7643 
,7656 

,7669 

,7682 
,7695 
,7708 

,7721 

,7784 



,6107,6940,7778 



,7760 



,6188,6966,7799 
,6146,6979,7812 



,8646 

,8659 

,8672,9505 
.6185 ,7018 ,7852;,8685J,9518 



,6159 ,6992 



,7826 



.61 72, 7005, ,7889 



,9167 

,9180 
,9193 
.9206 
,9219 

,9282 
,9245 
,9258 
,9271 

,9284 
,9297 
,9810 
,9323 

,9336 
,9349 
,9362 
,9375 

,9388 
,9401 
,9414 
,9427 

,9440 
,9458 



,8638 ,9466 



,9479 
,9492 



,6198,7081 



865,8698,9531 



,6211 ,7044 ,7878 ,8711 ,9544 
,6224 ,7057' 7891!,8724, 9.557 
,6287:,7070',7904i,8787',9570 
,6250, 7088', 791 7,8750 ,9583 



^^^^^^^^ ^^H 


^H TABLE LVIII. — DECIMAL PARTS OF A TOOT FOR EACH ^\ OE AN IKCH ^H 


^ EROM 0" TO 12", (CONTISDEO.) H 


i™t. 0" 


1" 


2" 


3" 


4" 


5" 


6" 


7" 


6" 


-jr- 


10^ 


11" 

,9596 


1) 


,0t30 


1263 


,2086 


,2930 


,3763 


,4596 


,5430 


6263 


,7096 


,7930 


8763 


1) 


,(H43 


1276 


,2109 


2943 


3776 


4609 


,5443 


6276 


7109 


7943 


,8776 


,9609 


^ i! 


.(H56 


1389 


,2122 


295G 


3789 


4622 


5456 


6289 


7122 


7966 


8789 


,9622 


B ^ 


,0469 


1302 


,2135 


2969 


,3802 


4636 


5469 


6302 


713« 


7969 


8802 


,9635 


P 


0482 


1315 


,2148 


2982 


3815 


4648 


5482 


6315 


7148 


7982 


8815 


,9648 




0495 


132S 


,2161 


2995 


3828 


4661 


5495 


6328 


7161 


7995 


8828 


,9661 




OfiOS 


1341 


,2174 


3008 


3841 


4674 


5508 


6341 


7174 


8008 


8841 


,9674 




0921 


1354 


,2188 


3021 


3864 


4688 


5521 


6854 


7188 


8021 


8864 


,9688 




0534 


1387 


,2201 


3034 


3867 


4701 


5534 


6367 


7201 


8034 


8867 


,9701 




0547 


1380 


.2814 


3047 


3880 


4714 


5547 


6380 


72U 


8047 


8880 


,9714 




05G0 


1393 


,2227 


3060 


3K98 


4727 


.5560 


63B3 


7227 


8060 


8893 


,9727 




.0678 


1406 


,2240 


3073 


8006 


4740 


5573 


6406 


7240 


8073 


,8906 


,9740 

,9753 
,;ir66 
.9779 


1 i 


!n,l ' ' . ' - ■ ' ■ - .'. ^'i' ' ',■)'" 


■ « 


■""-■■'■■-■-- '^ ■■■'--■■•-- .'■ '^.^ - ■. -,.v:.^,M::..^,-.„> 


,9792 




,0688 


1471,2305 


,3138 


,3971 


,48O6|,,->6J8,,647i1,;30j(,8186 


.8971 


,9805 




,0651 


,1*84 .2818 


,3151 


,3^84 


,4818 


,.-i65J 


.6484 


,7318 


.8161 


,8984 


,9818 




,06S4 


,1497;.a.S31 


,3164 


,3997 


,4831 


,5664 


,G4B7 


,7331 


,8164 


,8997 


,9831 




,0677 


,1610 


,2344 


,3177 


.4010 


.4844 


,5677 


,6510 


,7344 


.8177 


,9010 


,9844 




.0«90 


,1523 


,2367 


,3190 


,4023 


,4857 


.5690 


.6523 


,7857 


,8180 


.9023 


,9857 




,0708 


,IG3G 


,2370 


,3203 


.4038 


,4870 


,5703 


,6536 


,7370 


,8303 


.9036 


,9870 




,t)7Ifl 


,1549 


,2383 


,3216 


,41)49 


,4883 


.5716 


.6549 


,7383 


,8216 


.9049 


,9883 


H 


,0729 


,1562 


.2386 


,3229 


,4062 


,4896 


.5729 


,6562 


,7396 


,8229 


,9062 


,9896 


■ 


,0742 


,1576 


,2409 


,3242 


.4076 


,4909 


,5742 


,6678 


,7409 


,8242 


.9076 


,9909 




.0755 


,1589.2422 


,325: 


,4080 


,4922 


,5765 


.6589 


.7422 


,8255 


,9089 


,9922 




,0768 


,16021,2435 


,32GH 


,4102 


,493.' 


.5768 


,6802 


,7435 


,8268 


.9102 


,9935 




,0781 


,1615,2448 


,3281 


,4115 


,4948 


,5781 


,6616 


,7448 


,8281 


,9116 


,9948 


\ 


,0794 


,1628„24ei 


,3294 


,4128 


.4961 


.5794 


.6628 


,7461 


,8294 


,9128 


,9961 




,0807 


,111111,2474 


.3S0 


,4141 


,4974 


.5807 


,6641 


,7474 


,8307 


,9UI 


,9974 




,0820 


,1654,2-18- 


,3320 


.4154 


,498- 


,5820 


.6654 


,748- 


.8320 


,9154 


,9987 






1 




1 












1.0000 


^ 1 



BEDUCriOH < 



TABLE LIX. 

' EKflLiail KEET AMD J 



■.Ue.A TO METRICS. 



I 0" I JO" I 11" 



l,l!l 3.1tln S.ITa 3,!(» 3,22« 1,131 Sjn tSM 

jjw s.ist' 3,4iw 3,5"? s.sar s.iwi' s.bsiI b.bw 



3.71> 



TABLE LX A!«D LXI. 



TABLE LX. 

REDUCTION OF ENGLISH INCHES T 



0,73 


is" 


IS.OS 




"-■' 


33,31 


H" 




].J0 




15,87 


]J" 


34,112 






2,38 




lG,li7 


¥ 


36,51 


3 " 




a,17 




i7,4G 


38,10 






3,!)? 




18,2K 


:*■» 


SU.GH 


3 " 








19,0J 


41,27 


3 " 




6.56 


f 


19.3* 
20,64 


1 


,*: 


42,86 
44,45 


3 " 
S " 
3 " 








21.43 


1 


r 


46,01 




7,!I4 




22,22 


1 




47.62 


*" 




8,73 




23,1)2 


! 


r 


4!l,2l 






f),52 




23,81 




50,80 






i').y2 




24,61 


2 " 


53,!I7 


a 








23,40 


2 " 


57.15 




ll,!il 


ir 


2G,g!t 


2 " 


60,32 


5 " 




]3,ro 1 


28,S7 


2 " 


(13.50 


ft " 




ISA'J \ 


'¥ 


30,16 


., .. 


fili,fl7 






14,29 1 


31,75 


2 " 


6'..N5 


fl" 





7n,3? 

83,55 
85,72 



101,60 
107,U3 
114,30 
1 20.66 
127,00 
133,35 
J39.70 
146.05 
152 10 



REDUCTIOIT C 



TABLE LXI. 

ENGLIBU WEIGnTS 1 



' KILOQBAMS. 



LBS. 


Kiuw. 


Liis. 


K1L09. 


CWTB. 


Ki..>s. 


C«Ti 


KlUM. 




0,4.i4 


17 


7,711 


1 


60,80 


17 


863,64 




0,907 ; 


18 


8.] 05 


2 


101,60 




914,44 




i,:nii 


IH 


8,618 


s 


152,41 




965,24 




1.K14 


20 


9,072 




203,21 


te 






2,268 
2,73-' 


21 
22 


9.525 
9,97U 


5 


254,01 
304,81 


2 


1016,(15 
2032,1 




3,175 


23 


10,433 


7 


355,62 


3 


3048,1 




3,62« 1 


24 


10,S86 


R 


406,42 


4 


4064,2 




4,0H2 I 


25 


11,340 


9 


467,22 


5 


5080,2 




4,336 1 


26 


11,793 


10 


508,02 


6 


6096,3 




4,!IU0 1 


27 


12,247 


11 


568,83 


7 


7112.3 




5,4-13 : 






12 


6"y,63 


8 


8128,4 




5,81): 1 


QD. 




13 


660,43 


9 


9144,4 




6,330 1 


1 


12,701 


14 


711,28 


10 


10160,5 


15 


6,-<c.4 


2 


25,401 




762,04 


11 


]1I76,5 


IC 


7,237 1 


3 


38,102 ) 


16 


812,84 


12 


12192.6 



262 8AFE BUILDIKG. 



TABLE LXII. 

ENGLISH MEASURES AND WEIGHTS. 
(U. S. standards are the same.) 

LONG MBA8UBB. 

12 inches = 1 foot. 
3 leet = 1 yard. 

IG^ feet = &i yards = 1 rod, or pole, or perch. 

tiOU feet = 220 yards = 44) ruds= 1 furlong. 
5'MO feet = 17«u yards = 320 rods = 8 furlongs = 1 milo (land). 

6 feet = 1 fathom. 
720 feet=: 120 fathoms =: 1 cable's length. 
6086;)7 feet = 2028,79 yards = 1,1627 land miles = 1 knot or sea-mile. 

SQUARE MKABUKS. 

144 square inches = 1 square foot. 
100 s<iuare feet=: 1 square. 
9 square feet = 1 square yard. 
272^ dquaro feet = 30 1 square yards == 1 square rod. 
108M) square feet= 1210 square yards = 40 square rods = 1 rood. 
436G0 sq uarefeet=: 4840 squareyards = ]fiO square rods = 4 roods = 1 acre. 
2787(^00 square feet = 30076(H) square yardA= lu:^400 square rods = 2500 roods = 

do acres = 1 square mile. 
1 acre = 208,71 feet square = (^9,57 yards square = 220 feet x 198 feet, 

SOLID MEASURE. 

1728 cul)ic inches =3 1 cubic foot = 28.3161 litres. 
27 uubic feet= 1 cubic yard = 7t>4,A34 litres. 
1 cubic inch = 0,0005787 cubic feet = 0,0ia3&663 litres. 

1 litre = 1 cubic decimetre= Gl,02&4 cubic inches. 
1 i>erch of stonewurlc = 24,75 cubic feel. 

LIQUID MEAHURE. 

(U. S. sbiudard.; 

1 gill — 7,21R75 cuMc inches. 
4 Killi*— 1 pint ^'Jjj.HTr) I'll bic inches. 
8Kill»« -2 i>iiil»..- 1 «inart=:r)7,7.'i cubic iuchep. 
32gill» — 8 pints- 4<iuartsr 1 gallons 231 cubic inohoszr 0.1.3368 cubic feet. 
1 cubic toot - 7,4si),7J (gallons (appruxiinaiciy 7^ galious). 
1 gallon of walor weiglin — 8,.'».{s,s8 i)Oundi». 
63 gallons .--I hogshcaii. 
1 gallon- 4, 44)l'i litres. 

Avoiunrrois (cobimercial) \vBiuiiT. 

16 drams - 1 ounce (oz.). 

la ounces r: 1 pound (lb.;. 

14 pounds 1. 1 stone. 

28 i»(»unds -Itiuarter. 

112 pountls - 1 hundrcil weight (cvrtP.t. 
2_'4o poun<ls . . LH) cwis. r- 1 tiiu (gross or long). 
'J(M () iiountl." . 1 bhort ton ^used in this \i-i>rk.). 

27,3437.'i troy grains :zzl tlrani avoinhipois. 

liroypoun<l- c»,s_'Jk"i7 avoirduinds pound— 12 troy ounces = 240 troy 
|M'nnyw«*i}:hts — r»76() iroy grains. 
1 avoirdui»oiB i)Ound::^l,215'J78 troy pound. 



GENERAL INDEX. 



a. II, Id 



,166. 



Aert. ft TabU LXII, II, »)_. 
Anatfnt, Ht GrtuiAJcal analytit, ' 

iHncAori, or meul. I, IZS. ' 

Atigttt, lilt or tteel uul Iron. Tab1« 
}tiji MX) SJUII, End of VolnniB I ; 
pUta ilrdiir, liveta In, II, l'.K>-]3l ; - 
plats drdt'.itrength of, I'ablaXLII, 
fend ot TdI. II : plate girder valua, i 
11,110; toplatasfrden. U, 114, lis, 
AtiitraliKg otiieel, II, 37. 
AfftBtimatt fomBte.arabei, depth of 
erown, I, IJB; arohBi, rule (or, I 



J(i.T//. U,i»a. 




axes, I. 1H, IM; tru», II 
*anltad, I, ITS; vftli abulme 
lO-in ; vUb abnttiDK arab, 
laa 1 what to aroid, I, va, VK. 
of aoj Motion (ou~' -— ' 
asa, KD; ot olroln, 

ditfareDt smUoo^ Tabis f. 



pbita s'rdBn. I, 

«« Be»4, Emmplri ,- ehaplar on, 
.. — ibunlng force at bale. I, 

mate rula. 1. 170; brisk 
,168.15S; ciirraof prslB- 
depUi ac oroan, t, 179; 

lonBula, 1,179; flrcpront Hoor arab 

■ — - 51 i Erolnad or Taultod, I, ITS i 

tal foTM at «ro«a, wbere 

, I,TB; borlaonlal praamra. I, 

1BT; bow load aoli, 1, 76; Iniarled 
■Rh, I, 89, W, KS-ITO i In nail 1, 101 
-107; llOB of preaiura, ctfMt if not 
eoatral, 1, Ti-:oi line of preetnre, 
tbaorjrol. I. 70; ot oambarwl plank, 
1, m; ot ^pnnllb tile. I. 17B-IT9{ 
■ttcaa at intrado* and eitradas. 1. 77- 
T*,IM; airaln on ailaBa, toruiul«, 1, 
7B. 19; Iliear<r ot, I, 79-TB; tlii'ee 



'apblcallv, I, N 
'•&!•, trj. form 



wrougliE-lron pratsrable, n. 207, 
Baoau, tH Anidlag-wwiiMnf, Canlilieer, 
COnliHumu Oirdcr; Dtjiiation, 
BxampUs, Ploon, OaUen Btam, 
Oirdert. iKelimd Sram. Load, 
Tnmiirerit Btrmsl*, Truncd 
Btnmt. TUbutar Beam: eliapwr on, 
I, ieo-2tO; ararase (train in SuiKei. 
I, 2JS-2!f7, 243; bendlng-moment, 
T^blo VII, I M. SD; besdlDg-Dio- 
mant, any point, aaiaral loadi. 

iiient, GuDtra toad, formula, 1. S3 ; 
cenliai beoillu^mouient, unliorai 
load, f omiula, 1, Bl ; oomparatlTs 
daHectlon of, lUffarant i:nii»«a«tlaii«, 
1,01; caiDparatlTe dsBxillan of. dlf- 
furantlenglhi. 1,111 ; oomuratl** de- 
aeotloauf.dtDerentleiiglbiaDdanM*' 
»BCtloni.I.ei; eomparatlie atraDEtb, 
dllTerent oroaanotiona, I. SO; com- 
p»»Ltl.e .traugth, dllTeronl Iimglba. 
I, 60; eoniparatlve aLrcnitth. didei^ 
ent lennba and croo^eetloni, 1, 01 ; 
aompariion with dltfareot load! and 
eanUlsrer (■trsflEtti and atlllaeM,) I, 

brJdEloa. I, IBl ; del(e<itlanTaW^1I, 

- BS, B9; deflaotlon, any load, 

— '.ala, I, er: deBBCtloo, eeutre 

■ ila. l.eti dedeclloD. com- 



1 liaaeo 



tuilill,l.las| (Jeneslion, 



nD^nlof. I. if-;.m; ifrcctufalu, (Tvuot. I.M.K: lima and Biu. 



tATK BCIUtCtG. 



■WmilMM* tOnaElr, L :^ St : eutilmr. ■■Itiii» liill fli liah. f 

J«a « «ti™. BM to cncft rUiirr. M; . . . !!■ ■! !■ a i Uw^ i^M« XTlg 

for&aik. 1. M: aifacODc. b>m to 1. fla. IB: <Ma^ t. M; (iBfUaBl 

(om^-lk. l.t.^ JcSaicim. luiif^m MB: vis.(niik>ali>.IL NS-IM: pia 

_ »-....«.- y, 

lK::E*^.tiwT«wKniB.>ii. 11. lie, Afuiwr. >» rnWi XXIX. End nf 

<kd-^»c. L S^L. SI: inn. 'i;'=b#l. lou, TkM* XUll', Kul oi Vo>I 

I. '^.K: itva. w:.^;^ k4 i.> tnek II. 

|.'.aii«T. f.Tii.=.>, I. i;4; :j«, £:<u;. boi tad CT>U. n. S. L 

■tnulh pf, u c-i^cn. T'b.? XV. I. £- >(.-,^n.m.dM«ipikj«o(, II. 3-C. 

Uh: lucnl ]!fi=». I. Dt-.o;: Lft i.:..«i. ituq or lucl, TatM XXIX. 

ol Cnl ud :rv':;. Tl^.« .\X. L.-! «f EkJ .>f YoL IL 

ToL I; I'V£:imJ:eaI thrariLf. £.>. l-.''.*ffKtDD mkUU.Xi effaet 

Ionn-j|*, 1. .S; n-iirfol vt ir*r; 1. 1. ,« ■ r -.icbi-iiM. II, X. 

Piott HOb>::^:(^ »Iu{v, 1. ^; ciit ^•',1, prt Er-^mi-U\ fcfJ-Ml, Pin^ 

T»S>IX.I.fiJ;o«rhKf !:(.ri.i;i. »:, = J.r. ~- 

Sll: nr:A£ii.ir.lTU»<rr-«t-..Ti.cJi. XXXIII. E 

■ ■ etr^i. T.1..^ £ ~.l. at mrt 



c(,I.iJi;,at:»lrtl.B««dwi.l*-«i, f, .-I'./ivrr.ptnw* of. 11.32,33. 

II, 1..-.; •-..-rrgih. e..iEi*.-»:.T» £,.r Cir^c.^i. f'.oif <,uil(r.- doerfp- 

»rtJlQ V-T. 't*W« kll. £:»> of .1i-'|.-.VT«'il«l.'lI. I7i 17-t. 

V.^I. I: «-.trEpi of » -..Jiu one tr-u*. «(!•<( li il^enui Usdi of 
Inch ihiek, T»Me YIII. 1. •t: f..-aiBf. 1 1. «. w. 

ncfth of inn duor. T4b> SIV. Brvit, tadimt. bo* Sxidcd, 1. 138: 



EDdTf \\.::r^ Ii ti^J. W 




»:/tit ofT^bW V. 1. tf ; f In-KKiti 






o!. 1. U); linocth of. Tabid Y, 1, 


u.tr.in: I'f ;■ ij on.'l.^-": w S: 






Q-iiKaer.«-«e;l-c,l,:-.: y_ii 




P'. -If— t. ho* to n« l-md tloim. I, 






«=,■"_ h'":::':n.»:«iV-i^-*-''-'V. 




ii'."" \ .'c^>M-trJ^.ij'vt besDij. I, 








^inv."''' ;->•'■ .'"-■■' ; 


-*: *"i 




of, l-r i_Lr-lor*. I. ..■■. .:; 










j.^-'-. .'-' f "'iliiii.,-1, J inf.- in 








Bt<'>'S ma. '.< Krt^i :.i .f 




/-'■".':!■.*!: ii-!r. ».-!.«« weight. 


11. W. 1>. 1..,.. 






a,--:::^: -1 r..«. 11. .-.V- ■ ; : : 












4'!a\y-^'^^'r' 




Cl.V.yo.v. i«-j. TiiWe iSXlV. End 
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vn.l >. M;lwLJtng-moiii»nt. any 




:.*:.^. f..r-.ui;;i. 1. 51; Iodine- 






It:. ' ."i.t «i.l KmJ. (nrmola. I, 63; 






l-^i ■;.! ^-ir- -!:.«. t, nnlfi'iiu k.*1, ht- 






m-:',*. 1. :..<: Cv^mpanuiro iledwlloa 








^^J:«. ii^CtxXU^.'^. 
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OEN'EUAL IMDBX. 






CAP 

'vrsnt lengUia anil cnw*- 
niBirati»Biir»iiitvli. 



lElb BIiil >l 



.Elb, alttet- 
iToiii. 1,61; 



b«nu, (acrenElli 

(taBsolJiiD, Tfbla Vll, I. S8. 911 
flvcllon. inj kHUl, tnnuula. I 
■leBMHini. ooDiMnitlve fonnal 
SI . Ci ; defteotlon. 



>, l,» 



I, eDd load, for- 

mnia. 1, ea; dafleetlon, noCinonck 
Dlaater, Tormula, 1. BT; denaolJoli. 
nnlfnrm load, formula, t, OGi IodkI- 
IQdliul ilieiinaK. tommla, I, S6; 
nalangnlir, tratmwM tuvogili. tor- 
muln, I, 19B: BfaearlDE. Xabla VII. 
1. M. to; (baaring. vertwal, any 
point, tarmnlB. I.3G; atrength, ooiii- 
pUttlTt lurmullB, I, (M, (12, to and 

Oy* of eoluoma, 



Gu* Aantpmrd 



Tabla XXll. EihI uI Vol. Iti «, 
nmna, olrcDlar. >traii(Il> u(. Tabli 
X1,YI0XLVII1,II.219-Viai cnluuii 
boDow. ewnple, II, »», aOG; oni 



duiar 
XXXIV. 



tamd. II. 9 . . 



l,ialll[«, II, 

wceo D.. lit 90S. m.wn. 

Of, IJ. 13; akin ot, II. Id. II 
pcobeeta rrom rntl, tl.31 ; atra 



:-aU irrel, tn Ultrli o^aalllcHl, Table 
XXIX. Eud ot Vol. |[ ; dcHirlptiou 
of. II. Vi; •liouM hfl antiealnF II, 
Vi; IHU. T>ble XXXIV, Eud ot 
Vol. II. 

■W'urir, Uamp-proofliiK of, I,e:, lln. 

------ - - ■-■Wc, Vnd-—- 



niBtf," und nwuiiiia wnlln, cLajiter 
oii.l, Do-lie; llurofprui'ure, utlb- 
niellcal Ibmry ol, I, WB-IM; lino of 
prHBiirB. jn-iihlcul mi.ib.Mt. 'i.i'i*;- 



TB. Vfl.i.hi™l mail 
inmora agalott, : 



Caamt, in ttTlan boT itslne 
Bfoldi'd, 1, IXJi of lr»>i. II, m-, 
■Irefiglb or, TaUaalV Bud V, 1, «l, 
in: «(lghtor,l,t9,1B. 
CmCinuIn*, Tablo UX, XI, OTO, 
Lrairt lead («Mm}, na VViU( r//, I, 
W; «« arfo, II, 1»K:, 1H; m JTcmn- 
iii». 1, IIM, SOT, 213. m ; aumimnHl V> 
' ,>t>,l.fiT.iai BnibmeUeallv, 
, 1, 40, SI; kriibnietlWllT, 



_ - , Table 

XXIX.KndofVol.il. 

tiH kardtniaa ot vrouttbl-lnui, II. so, 

•t quall- 
lea, II. a; aruui dhq«8 ui, II, 20T; 
kvotd (harp anflca, 11, IlL big easl- 
— --■ " 111 olimpMiatlnn. II, Sj 



lll.Ecnd 



oooUna. IT, II ; 

jhu of. 11. 8; 

Hd, loiM. Tabia 

.11; duolI1H:rof. 
aociOoi'iilcAl d«lanlnB, fi,' efl-H; 
ttir>otordiirerentlili><raotBtralDi, II, 
W, 49 : vliuilHiy of, II, 4\-« ; eixea- 
•ion from .Iraln, 11. «-«; bow 
Mited. II. 31); luaiwcil'm of, II. lOj 
malleable, II. IS; niiUleable. tesia. 
Table XXXIV. End of Vol. 11: 
' lure of, n, 0-13; nalurs and 
iliapter ou, II, l-fiS; uatura 

..... — 1^. .. pliK,^ |)j,» 



; prndiioM from pia, 11. 

- '■■'-' -' 11, St. 84 I 

17: abiipra 



1.81, ai, SB; L 

ot gmtact baiidiDi-nuimeut. 1, m, 
ES; arltbnietliitll J. required momaat 
_. — 1.. — J ,j potiit of grFHtetC 
lent, r. B», (H ; ar>thin«t- 
Qg-moiDeuI and nqolnd 

;cil rMlaUnca at any pulut, 1, 

W. 54. OS; aritbmetlcally, Rrr^nlot 
deBootlon, I, M, SJ, W,ta,ii*; arlib- 
iiietloally,aIiearing,I,3»-an.KiI srlib- 
niellcally.atreniibof, I. IM ; aTii)ihi- 
Mitly, HBctiona, I, S4B; (tapClcall), 
poliicof BreawaC bciiUlng-aicimant, 1. 
!43; BTBpbleallj, amounl of arpniMC 
bendluE-uioineDt, 1.240; graphliially, 
reqdlrad moment of rHalalaiKo at 
polucor grealcat bandluB^om?ut. I. 
S43. !4i; frapbbMllr, bendlnc- 
momrnt and required momrnt < I 
mlfiaiire at any point. I. Hf, 144 ; 

SmpblcnllJ, greataat dearctlnn, I. 
le-SItt; Brapblislly, tbearlug, I, 

■■A«.nrfr»Haff,II. BS. 

:liHVHrti, Hat of atoel and Iron, Table 

XXI. Aiid of Vnl. 1: MalB, Tabic 

XXIUV.KndofVol.lI. 
7ilrj«H>y, K> Exanpla; flnn an-a. 

formula, I, 138; bow lo build top, I, 

ItO : >>>e i>r flue. I. m; Bitiakc Hue-. 

I. lin, 130; alrennb of. I. 134-141; 

■treiidlli •>(, furmula-. 1, 134; wind 

?kvnii, uTaruso atraiu. formalw, I, 2SS 

.327. 

Tatle tr/, II, Mfl 
mn: pirouiiuoronce Of, ttn '/ilWf 

1"/, n.«ifi-awi. 

_., ,._.. .-> i».»treBgth of, 

. ii. in. iiM. ' 
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SAFE BUILDING. 



CIR 

Circumfereticeot olrcles, tee Table L r/, 
II. 246-256. 

Clapp-Gri^tht steel process, II, 23. 

ClaxnificcUion of iron and steels. Table 
XXIX. Eud of Vol. II. 

Clay^ safe compression on. Table V, I, 
45 ; weight of, Table V. I, 45. 

Coal, weight of. Table VI, 1, 46. 

Cold roUtng, effect of, II, 36. 

Cotumtit »ee Comprrstion, Core, Exam- 
pits ; chapter on, II, 200-212 ; bearing 
of, II, 203. 204 ; brackets, design of, 
II. 203; oaps and bases, li. 203, 204 ; 
cast-iron, hollow, example, II, 205, 
206 ; casMron, shapes of. II, 202, 203 ; 
cast-iron, should be drilled, II, 202; 
comparative formulae, I, 65; curved, 
II, 100-164; curved example, II, 162. 
163; example (Table XLIX), II, 209, 
210 ; long, formula, 1, 24 ; Phti'nix, II, 
210, 211 : Phu>nix, properties of, 
Tahle L, 11,218; planing eud, 11,202 ; 
projections, design of, II, 203; rec- 
tangular wrought-iron, not to 
wrinkle, I, 25-27 ; short, formula, I, 
22 ; streni^th of cast-iron circular. 
Tables XLV to XLVIU. 11,213-216; 
strength of different cross-sections, I, 
65; strength of different lengths, I, 
64 ; thicknesM for cast-iron, 1 1, 50, 61 ; 
to And radius of gyration, I1,20U; to 
prevent wnter freezing In, 11,202; 
turning end, 11,202; value of differ- 
ent bcHriiigs, 1 1 , 202 ; with continuous 
flrder, 11, 211; with overliauKing 
K'ani, II, 211, 212; wrou^lit-iron 
(Table XLIX), II, 208-21 ; wroughl- 
iroii, safe load;* on. Table XLIX, II, 
217; wrought-iron, shapes. II, 20«- 
2»»!» ; wliv snuM)th e\u\ stronger, II, 
2(11. liOL' ; zee bars*. II, 207-20'.». 

Comtin rrnil ireiyht, s<e Table LXIl, II, 
2C.J. 

Campurtitivv j'ormuht\ I , r>()-<>2, C'). 

( 'omj»ri usiou , * st r Jieariiuj, Co / u m u , 
Citrrfd, kxttinnles. iStntt : curved 
htrut. «*xaiiiplc. II. t(fJ, IikI; example, 
TabU^ XLIX. 1I.'J(K». •.M(>; I.Tinula. 
hiiort i'oiuuiiiH, 1, 'J2 ; in curved 
inrinlM>r, II. IM WA ; in rivaling. II, 
r».'» TO ; lar^o l>l«'ok. nature of. J I, 1S;J. 
\H\ ; long coluiiins. lornuila. 1. 21; 
..utalM, r«'c«int tests, Tabic XXXIV, 
Kii.l of Vol. II ; of rivets, II, ii:> 70 ; 
on laliiT, II, !:»<); on ri vols an<! pins, 
1 1 . HI. HJ ; inns, iron ami strel. 'I'ablcs 
XXXV to \X XVI I, Knd of Vol. II ; 
rivals, iron and stool. Table XXXV, 
Kud of Vol. II ; Haf<'. on oast-iron, 
clronlar oolnniiiH, Tablos XLV to 
XLVIII. II. 2i;{ 21G; s.ifo. on olav. 
earth. ^;rav«'l, loam, s.and. Table V. I. 
4'> ; short columns, formula, 1, 2*.'; 
wroujihl-iron columns, sale loads on, 
Tahh' XLIX. ll.Jir. 

Ccmi uti'iitvtl I.o'kI, not r^ifritf, />e<nn 
and Cantilever, ace TalUe I 11,\, 58, 



OOP 

69 ; see alto, II, 87, 88, 182, 195, 212 ; 
set Examples, 1, 196, 240; arithmeti- 
callv, reactions, beam, I. 47, 51 ; 
aritnmetically, reactions, caotilever 
(equals load) ; arithmetical It. point 
of greatest bending-moment, beaiu, I, 
61, 52, 59; arithmetically, point of 

freatest bending-moment. cantilever, 
, 51, 52, 68; arithmetically, amount 
of greatest bending-moment, beam, I, 
52,59; arithmetically, amount of 

freatest bending-moment, cantilever. 
, 54, 58; arithmetically, required 
momentof resistance at pointof great- 
est bending-moment, beam, 1, 6u. M : 
arithmetically, required moment of 
resistance at point of greatest bend- 
ine-moment, cantilever, I, 50, 64: 
arithmetically, bending-moment and 
required momentof resistance at any 
point, beam, I, 50, 64,69; arithmeti- 
cally, bending-moment and required 
moment of resistance at any point, 
cantilever, I, 60. 64, 68; arithmeti- 
cally, greatest deflection, beam, I, 56, 
59, 67 ; arithmetically, gr^itest deflec- 
tion, cantilever, I, 67, 68, 67; arith- 
meticallv, shearing, beam, I, 33^35. 
59; aritlimetically, shearing, canti- 
lever, I, 35, 68; arithmetically, 
strength of beam, I, 195 ; arithmeti- 
cally, strength of cantilever, I, 196; 
f;raphically, beam (cantilever simi- 
ar), reactions, I, 245; graphically, 
beam (cantilever similar), point of 
greatest bending-moment, I, 243; 
graphically, beam (cantilever similar), 
amount of greatest bending-mi»n)ent, 
1,245; graphically, beam (wuitilever 
similar), re«iuired moment of resist- 
ance at |>olnt of greatest bendins-mo- 
nient. I. 243. 244 , graphically, beam 
(cantilever similar), beuding-hioment 
and required moment of resistance at 
any i>oint. I, 243, 244; graphically, 
beam (cantilever similar), greatest de- 
tleciion. 1, 246-248 ; graphically, beam 
(cantilever similar), t^liearing, I. 246. 

Conrnte, ,s*« Cement: strength of. 
Table V, I, 45; weight of, Table V, 
1 . 45. 

Con t> lit 8, table of, Beginning of Vols. 
1 and II. 

Continuous girders, TI. 211 ; bending- 
moment. Table XVII, J, 218, 2iy; 
deflection, Table XVII, 1, 2ih, 219; 
explaino«l. 1, 217-222; reactions. 
Table XVI 1, I. 218. 219. 

Cnntmctton, ca«t-iron inider strain, II, 
4;i-4r> ; due to strain, I, 227-237 ; from 
strain, formula, I, 227; guarded 
against, if rollers used, J I, lt»9; 
nietals, recent te.sts. Table XXXIV, 
End of Vol. II ; of materials, I, <m-69 ; 
wrought-iron under strain, II. 43-45. 

Co/>j>tr, effect of different kinds of 
htraius, 11, 48,49. 



^^^^^H ^^M 


^^^^^ COK 


^H 


CorM. •« Eiamptt,.- nnngth of. I, 






IrTfis With ditfereiic inuli, 1, B7 j ^^H 


Om. lapporlod bT cbHpleU, Jl. 10; 


eouilnuong glrilvrs. Table XVll. 1, ^^M 


■JU. 219: due lo KralD. I. 2»-v37: ^H 


gmpblcal onalpK of. I. MfrH>; ^H 


CbtiiH, nMunl. Table LI Ii, 219. 320. 


■nipbloal metlMid, formnlie, t, SWj ^^H 
rormnlii!.l,£B,%«, iron VuiU and ^H 


CnptrplaU. m Joinli In rlTBtiiig, 11. 


glrdern. Dot to oraek pluterliig. I, ^^H 
uflruiaedbT»iuX"[)^ii<l'-j--. 1. — >. J.il ^^^^^^H 




(Vnrtt.nc PlaHrring, Tmher. Woad; 


T^ibl^ VII, ^^^^^1 


In wood, I, WISB. 


SliSii: ^B 




>K> (.r. lor different if»tt<fl». Table 


1. 1. tS-II i to Bud requlretl, ul bcwni 




CVon (AvmHp, gnphlcikl hi«1t*1i oT, t, 


eSSiW*. i« Table XX1.T. End of 


to crack plarter, tonnula, I, 210: ^^H 


CWte nmi, TiUile LI V. 1 1 , SIS-3i:i. 


Vlll),I,4T.Kt: tthrn to eal«Ulat<, ^^M 
Table l3c. 1. GJ; when lo ckuIaM ^H 


Oula. t^ble LIV. II. jaS-Mi. 


Cmrvrd, tn Examplei; atrut, II, left- 


for, Id wooden beanu, Table VIU, I, ^H 


ist; Ile.il. l«(Klh4. 


^H 


Ciiil:.»uTailrlMl.n,Wi; rcnluucd 


Drknmtlrtt. Table LIX. U. MO, ^^H 


Iokilog™i»«,TBbl«l.sl. 11.^61, 






Uiiiwrnin, nr 6raplucal ai>n'j(ij*, ^^H 




.srmin riingmm, ^^M 


BaMP-PBOOFINQ u( imlU «nd 


Diitann of rtirrmcflini /mn ntvtrat ^^M 
'>j:i(,f<.rdl)Tervutiwtl<ii».T>tblBl.], ^H 


O^™™'wW.l.''iB0,19l. , 


12-21; nf veiuriit aril /nnn rrtrrmt ^^^1 
JibTft. for dllTircnt aealKan, Tkblv I, ^^H 


frieiii™, T.W.-L'fll.lr. K,7: wrw 
ol lont per l-M Ijieta, T>bJe LVIII. 


^H 


KO-ITiti mstnrbaiida.Iormuln,l,i;i. ^^M 


■°SSi;.£?' ""■ "■ '"■ 


/IrBinage of aolli, 1. 8T. ^^M 
IJraiH. (re Tablr LXII. 11. 363. ^^| 




Orei Uami. int of itwl um irun, 
^TuMoXXV.KiHlofVol.l. 


riveu. Ii, W, AS. ^^H 


i>Nr(>'irv. In wroaebt-Iron, «ati-|[«n ^^H 




aiHt>tee].iI.4L ^H 




DynumK, Mr /ir;hu<. ^H 


lou'Ju. [ wyVm nml eiiaitiitmliil 
t«ndi. Vmfirrm I'nut; »|>pr,iiliiiiii« 


■ 


1. IB: wolgbi oI.JTable V. I.«.. ^H 


ruki fnr ir,." bfi,niH s...l «lrd^n, 1, 


2fl,-^:N'«i..,..Tiy I..,l.i, f„n,iuU. 1. 






iMhi..-. ;n|'u',l ■■ |. :"Lin.l..l,iri;KI; 


Sfamalwr oaat-lron eolnmn wetion. ^^1 


■liy «': ' ' ' r..CH>.'k 


pli.-ir., . ■ iiJi, i-4nl 






ruUC^'^n"j.''.-iJ--'l i''l"L'. .'. .'jt'pl^S^; 




formnlK, 1, Su; eutlliiTer, ui; low], 


Xlwitie HmU. meMto, rreent teiti, ^^H 
TableXXXITilEndotVol.il. ^^H 


«ud foul, formnla, !, BCi GHxtllerer. 


m»nt toti, TableXXXIV, Kud ol ^H 


Inkd at au; pnlDt, I. OT; nntllever. 


loadaifneeiid. I.CGi oaiitlleTer.iioi 


^H 


to .rack pl.«er. lornmla. l/w; 


End Load (caMiliv^). t« "HiW. fIT. ^H 




1, W) M a(», U. BT, «S, 211! i HC ^H 
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SAFE BUILDING. 



ENQ 

Eromplfs, 1, 106; compared to other 
luuds, 1,57, (k): arithiufticully. reac- 
tit>ii (tMjual^ l«tad): arithwetically, 

IHiint o( greatest Deiidiiig-momeot, 
. Al, 62. 58; ari tbiut* t i cally , 
aiuount of greatest bending-nionient, 
1, 53, 58 ; arithinetieully, required 
moment of resistance at point of 
greatest bending-nioment, I. 50, 54: 
arithmetically, l>ending-nu>ment ami 
required moment of resistance at any 
jMiint, I, frt). 54. 58; arithmetically, 
gr«'at<'8t detlectii>n. 1. 57. 58. (*4i ; arith- 
metically, rtheanng, 1. 35. 58; arith- 
UM'tically, strength of. I, ISO ; graphi- 
cally, )H>int of greatest bending- 
moiiient, 1,243; graphically, amount 
«>f greatest bending-nioment, I. '245; 
graphically, re<{uirt.*d moment of 
rcsirttance at point of greatest b<*nd- 
ing-moment. 1, 243. 244 ; graphically, 
biMiding moment and required 
mi>ment i>f n-sistanoe at any i^iint. I, 
213,244: graphically, greatest tletiee- 
tion, 1,240 248; graphicallv, shearing, 
l,24«i. 

Siiiiii.fh inch reiluctnl to millimetres, 
'lable LX, II, 2«il; (V . S.) mr:isure8 
and weights. Tabic LXII. II. 2trj ; 
^\•■ights, n'lluced to kilograms. Table 
lAl, Il,2(;i. 

£.niinplis, abutment, thrust on, of 
arch, 1, Kil ; arch abutting on pier, I, 
US; arch, four Ineh rowhtck in floor, 
i, l.'M; joch, h«»llow flreprinif flix>r 
arch. I, l.V.i; arch, in wall carrying 

Iiiti^*, 1, mi ; arch, Spanish tlo»>r arch, 
, 177 ; areh, tir-nxl in place t»f abut- 
iiM'iit, I, 1U~); arch to opt-ning in wall, 
I, \'ti\\ aieli with abutment, in fenee 
or lnnl^«' wall, I. l«y; bas!e-e4>iirse, 
f\7.t' of, I, ST,; b«-ain, comparative 
il«t|.M'tiiiii, I, {]] ; beam, ooinparative 
nir«iint]i, I, (.0 ; Im-mui, most econoini- 
<mI. l.ih,i; Imjuu. sli«arin;^, any |H>int, 
I. ;il ; bt-am, Hh«;»riiig at siipi»ort, 1, 
Xi\ luam, to rrsist rupturt-. 1.5r»; 
b.;niii>i ana, II, I'.'s. p.ni ; bearing 
aicu of tiui*n. II, I8<); bending- 
nioiiitiit, aiuouiit ot greatest, arith- 
iiHiioally, 1, ^.'> ; b«ii(lini:-iiioment, 
niimniit of ^iratrMt, grapliioally. I. 
'J.'i<i; lM'inlin^iiM>nn'iit. point of great- 
«>it, arilhiiM'tn:tll\ . I. fv'i ; biiitliii;j- 
iiHUiiriH, point ol. ^;r:iphic;»lly. 1, 'J4;» ; 
Im.Iis in htr:i|>. II. lS7 ; erliar wall, 
ill) pt-r than a<l.]oinin;; buiMin>:. I, 
11(»; c.llar wall, to nsist rarth 
pr«Hiiun'. I. lOM; ctntn- load (luain), 
I. I'.m;, JtiT. 21;;, 2"2; erntrr loa«l on 
woollen uu<|.r calculated ^raplu«'ally, 
I. ■.';>'.'; <'luninfy, size of tin*'. I, l.'iX ; 
«-iiiiMn<Y. lliickiicss of wall. I, \'.^x ; 
colnn.n". (Tihl.- XLTX). Il.2nti. 2m; 
eonipi.sMon. (Tabic XLIX). II. 2(M», 
Uin ; conipM'.-.-ion on laticr, II, 11K»; 
compri*t*hlun, vhort block, 1,22; con- 



EXA 

centrated load, not eentral (beam and 
cantilever), I, 196, 24» ; coDcentrated 
load on wofjiden girder, ealeulat«d 
graphically, 1, ^9 ; corbel of stone, 
strength t)f. I, 157 ; cross- sect ion, 
required of beam, 1,56; curved strut, 
II, 162, 163; curved tie, II, 163, 164; 
deflecti<»u, comparative, of beams, 1, 
CI; detlectiou of trussed woodeu 
beam, 1, 236; detailing plate girder, 
II, 120-135; dome, ca^ulation of, I, 
170 ; dome, metal bands, 1, 174 ; dome, 
size of dowels, I, 174; economical 
l>eam, I, 63; end load, cantilever, I, 
rJ6; eximnsion, iron, I, 67; expan- 
sion, stone coping, 1,69; flitch plate 
girder, I, 207; tfue, size of, I. 138; 
foundations, size of base-courses, I, 
85 ; girder, bearing, 1, 216; hollow cast- 
iron column, II, 205, 206; how to use 
Table XII, 1, 197 ; how to use Table 
XIII. I, 198; how to use Table XIV, 
1, 202; how to use Table XV, I, 203; 
how to use Table XVI, I, 206 ; how to 
use Tables XIX-XXV, 1, 237 : how to 
use Table XXXII, II, 48; how to use 
T;ibles XXXV-XL, II. 80-83, 90. 93, 
94 ; how to use Tables XLI-XLlIl, II, 
118-120; how to use Tables XLV- 
XLVIII, II, 205, 206; how to use 
Table XUX. 11, 209, 210; inverted 
arch, size of skew-back, I, 89; in- 
verted arch, strength of, I, 168; 
inverted arch, thnuit on end pier, I, 
169; iron, expansion, I, 67; iron 
rafter, II, 195-197; iron strut, II, 191 
-193; iron truss, II, 188-199; joint 
(pin) ciilculation of. II, 80- HA ; keved 
ginh'r, I, 213; lateral flexure, I, 28; 
loads on floors, girders, columns and 
walls, 1, 79-82; moment of inertia of 
cro8s-8ection, arithmetically, I, 10; 
moment of inertia of cross-section, 
graphically, I, 268; neutral axis of 
cro^sil section, arithmetically, I, 8; 
neutral axis of critss-section, graphi- 
cally, I, 'jas; pier, safe loa<l on, 1, 24 ; 
pier with abutting arches, 1, lfc6; 
piles as short columns, I, 91 ; piles, 
safe load on, 1,93; pins, calculation 
of. II. 1J«-197; plato girder, 11, 119, 
I'JO ; reactions, amount of, arithmeti- 
cally. 1, 48. 55; reinforce plate, II, 
IJMi 198; reservoir wall, I, 115: 
rivetetl butt joint, double plate, II, 
7<'>-7S ; riveted butt joint, single plate, 
II, 7;i 7(5; riveted lai) joint. 11, 70-73; 
rivets ill reinforce plates, II, 196-198; 
nvits in struts, II. 192. 193; rivets, 
hlnaring on. 1. 32; roller.-*, II, 199; 
roof truss, II. 141-162; rupture, size 
t>t beam to resist. 1, 55; safe loads on 
same timber with different manners 
of loHtling. I, lii^; several loads (beam 
and cantilever). 1, 48, ,V\ 2.'>.'>. 2.'>7 ; 
sevrial loads (two on wocxien girder), 
calculated graphically, 1, 255 ; several 
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lowl* [Ore) on wooden girder, aalan- 
Ulot |[niphtaall)', I, 'AT; ehtarlug on 
rimi, 1. 32; tlimrlnB ou imodin 
twain uiT [iDiut, I, M : (Ucvliui on 
wooden beam at tapport, l,33i ihoB 
pIM*. II, IW; (Clmip Iron, 1, IM; 
(tone, elpiuulDU, I.<9: ■ujucatwnle. 
wind, 11,170, lT7;ati 






t'. pLnwgirQHT.T«jue,ii, i3r; pidiQ 
rdsr. wliera dimlulili IhloKtiall, U, 

piBM girder, irrliikUng, 11, 135; 

iltoQ <3, tt PlaU girder; riTiU, 



girder, wl 

m; piBU 

reduoltoQ ot, tt PlaU ui 

pIMeglriler, LI, \M; ipltrs 



beMu,I.UO: ubieodtrM 
tonloB, I, W -, tle-benm, J 
KNl,U,1». I8B. IDI; ■ 



Ftatk, oaed In eaiU] 



er, II, II 



, 196 1 ti 



'.Ml- 



Ine, II. », 10. 
-.h'plalf girder, tre Exaaipln; WK 



W; trOMOd beai 

Uon OCf I, 331 ; triMHU uvain ui wuuu, 

dcAMHon of, 1, 13(1; DDlform and 
Bunwntnited loM (bemia sod oantl- 
lerer), I, Za7, 3Mi II, llS-iaS; nnl. 
form nud ooDaaiitrated load OD Irou 
buRi. enloulated graphloallj, 1, 3M{ 
— ••■—a load (brnni and caadlerer), 



•loor bra— -■ 



Id glrdera, oha|iter au, t, 

floonboirRtiaMied, 1, 191, 

ohtmiia]', arean;- 



1, 33. », 3 

eallf. l.Xi; 
barrala. 1. UT 
of brisk, 1, U 



,ing,I 



(IHloulHled Kriiphl- 
tbriui sgarnn, ol 

rail to >tag« pit, 1. 

boDIn of brick, 1, 
pi en of rabble 
wBiher«, n, IN: 



, 'Xij deolnml ot eaeh I.H Inch, 



preiaarfl on chlmncT, 1, 149 ; 
nillor. I(, 180, IK; wooden 
wind, II, ITS, I'T; vooiieD at 
M3, m-, woodeii IruH, U, I 
wrinkling, box girder flnnge 
WToQgbt irou, cumpreaalan. 






B, tre Sbmpatlnit, Examp 
I, 1, isr: guarded asaJDi 



eralmln, 11,43 



Stai; 

Tabta'ivm. l"., . , -. , 

dMlgnad, II. IM, 187. 
FOot-SoU of truH, iieoeaHtv [or, H, laV. 
forulna. (e< \fttiib\g. 
Fanmla, «« lAtl Bf/antntm, I, tx-xlll 

and IL all!, lir; lundunaur-' ■ "■ - 

Tneaning of letter*. 1. 6. 0. 
faundaliom, f JSxampU: 

abnpt'er on. I. W-9S; for maflhlDurr 

to a>utd lieratloni. 1. 131, 132 ; aaiid, 

grarel nod claj, 1, 8T, >I. 
FtocUoh of lDcb,eiprE«*ed1adadnialj, 

l^bteLVlI, n.asT. 
Frrtting, to prerent. In eoluinni, II, 

solla. Table X, I, 

s, II, «. 

riundatlona, I. Hi; 
ibII Iroien. 1. 119; ahape of wall lo 
Int. I. loe. 
ong. Ht Taitt LXII, n. 282. 



■tntlni. i.4<Ml. 
Xy-tar, arraiiKonient on p!n. II. t 
106; alandaiil aluea. It.KI.M; thic 
B«ao[bead.lI.SS-al. 



FaCTOR-OP-SAFBTY. for iron and 

■ceel, II. 1. 
FitUeue, BnplBlned. 1. Si ; II, 4fi, 47. 
Jfnl, aKpreaaed In nieiree, Table LIS, 

fibrei, lit Extreme JIbrti, Tranntrie 
ilrtnfflk. 

Flangt, plaW glrdnr. average libra 
auw, II, 134; plnle glnler, lateral 
flexare, 11, 133, 134; plntv girdi^r, 
rl?el« in, II, I2B, IW; pUita t,\r6M, 
epllelng o(, 11, 121; plate girder, 



GaLLER Y bram. «ee Scamr. Inclined 
bfom, II, -in. -in. 

OiHon.tir ItaWtil//, 11,302. 

(I'lJpaiiidno. prooeM ot. 11.33. 

Oilt.iit TabltlXil. II. ■iOi. 

Uirilcn, K4 Btant, CaHU»moUf gtnltr, 
Exia^lft, FlUek-pialt girdtr, 
Floari, iMllntd btam, JCtt** girdtr, 
PlalB girdtr, Tnutd teami; uxl 
- — *■ — ua, ohapter on, 1, lgB-»«l 
>, [,217-219; U,311) deflas- 
jiproxtmaM lur 



933, ZM ', Inollned, 11. 912 ; Iron beami, 
atrength of. Table XV, T. IWi Iron, 
letiBlD not to craok plaiI«T, fonaalie, 
1.^: length of bearing, 1. 91(1,217: 

overbanglng, 11.211 212; Mreugtbof 
wooden. TnhlB XIII. Knd ol ^1. 1 ; 



J 






G^*A*. ^'T-z^.l t. T»i:- IT, 11. t ; rfc^> ILOL U. JQ6. a»; Table L, II. 



-4-: . t r : ; . 1 ^ :_. r_*i:. : . .*:^ 2^. . 



- -.5 ;i. :. .4*. -*.- i«i-*r: .1 



I. -*= : 1 w : Trmi xr: —.1 ■■ ■ ::*. 






« Z Z-x^^ 



*-.<:::. I. ----.*>. : i^-i :.--:rk 

Gr-:r\^-'.. iwK".:. :«t:.-: .^-Ci cz*-'. 

» *Y. • • k ^ •_.?« Ala. w • ^ 

iTlr ier. :*. irj* :..:•:*. -7*. i r=i-^fc I. 
ir?! : f 1a:* ^ ri-cr. r»l_* a;.^.* -.r^.* 



j ...... . ..". • frAf?. c I. txi'Tta**^ iu decimals. 

*^MlV "4-" "*** L^"- "• "-^^ deeimals ..f, 

~ * rsiryflMd :a ci-nim>>D fracck»u. Table 

LV;!. II. :*;7: rach 1-6L in deeimals 

■ i fee:. TAb> L^^ll. II. 2S&-.S9; 

. ^.^ --*-r* • •'1- "-- » :_ - - -.< E:«.»h. red:ie«d; U> millimetrea, 

I- fv-j -i' "..-i^ * - • "-V-." ¥ Tfcr> LX- II. JSl : eapn wed in 

* ' -*^ " ^H^' - ..^ -_*:r**. T%bl« OX . 1 1. »•. 
•vij - • . * * - -.^.. rf .-*— fc - '*-: '*•• >-T» or ipnl«r. 11.212: anal- 
. t ♦^^ . -k V. ^^ < ;«d.>c. II. !«;. ISI. 195. 196; 

L -.r c:al tlrufts. II.2t2: transTvrse 
Krfci;. <:. II. IA:, l?a. 195. 196l 
/*'r-i I. «.«« If .-mrm; <y^ Imertia. 
I r^^' -* ."1** Tl ~*V^ • 1; * . ■ l-T i ' * * -»*««' *.-raiaj, efl,?rt of. U, 4^-18. 

rLL J- 7"i " -7 ■ • ;" j:-:;^ V* r" ^^" E^mmptes, Exttnticm, MalUaMe inm, 

f — * 1 \Lr- ■ " !*:-•-< Pi^'tr «. P. Ate g%rdtr^ Trufi^ 

/:~,r^ II fi Miiii^iiMi - T»v - V W^- ».; k---*r.-^ .- B-'ver-BarfiepnieeM, 

I 4r»- weight ..f T**>> V ^ A' ^'- — *»• «■•*• *«*«*. Table XXXIV. 

^ ^,.,. ' <Aft*;ied. Tab*e XXIX, End of \t.L 

O,^ :r 'I. ,r* .V 1. :-Y ' - ^i ' .j, -* f-^enew* la. drpriid».>ncarbon, II. 1 ; 

::^#*e*. II. I.**: extr»crt.m .»f. II. 1. 

•- . is,^'. r- f.*ktjT-rv. II, 1 : uralranizing 

« f. II. \; : 1:: I un? 5:.iit«. II. 1 ; japau. 

IlAlt'.'y- '. y^r.i:. :<, '-"-• *■ U- «*-': iwt of beams, 

i/ - •. -->.:-> :r..*^. ;. -. . . '^- ^ -•-*• -»:.:-*. «'-»^. d*N?k b^aiii9. 

f/i' ' *..^ *-..:: '■-*• ^'^-^ XX-XXV. Eml of Vol. 

}/, . " -' . * *• . • .- •• ,: - .i- * - « I : : *._:■: ,: f. ll..il..?2: rrceiit te»ts, 

r,v-'x\x..:.k:.: :v . . ' " T.^t- xxxiv, eihI ..f v..i. n-. 

li' :r:\ ..lr*:r ; : f >-rT . 1. .... *'.r-^-.-: f. T«t .e 1\ . I. 4«»; tarring 

// L* -i-r-f.. l\r :.:X. 11. . i . ' -■ "••■ — • ■"'•=^* kind*. II. 1 : u^teless 

N'^, ■ t . .r -r.:: .. '-• ;-'"**•: »u4.bur. c*^pi^T. phi>ju 

// .»••.- r ;a;:. :: :-\. •■ --*- n. ^: *e-.:iit of. xabie iv. i. 

H • .' T\\ f *•-. :. - .rl r^. "^ • "'r'.i.:.*: ••?. II. JS. a»: wn-ught 

II ■ .< • :• - " - . f :' : .- : - .*: s j^rs*Ni:r.i o.**t. II. lj>8; wnmght. 
J, '. ■• e,'' i-\- i • - ^- r . i '^^'* T%Me XXXIV. End of VoL U. 

IV . * 

I. .'••. 

H • ."«»<• . ». . ■— 

TaV..- 1. 1. :: . I »^ r :: :. - - . •'.4.'\<.v.vf.V(7. pnv«saof. II, 32. 

T Ai .e 1 : : . : . S^ .- . l ..b .- ? '. V j^ . V . ." . •. t ..::«pvl is: r.Tttiw^. II. C:i : butted. 

1. +•. : I .: -s \ :::.»:.! '.\ : '\.':: r.vf:-'.. viub> i-lxte. example. 11. 76 

Tib.*' Xil. :. •.:.:.'.■ ; r.i^ > X: ::. I. -T-^: t .;::ed. riT.»ted. single plate. 

li<7--v: ; 1 A* ■ XIV. :. _• : .•.. . ex*. ^ -e. U. 7i-7tJ: cover pUtes in 

T.iMe XV. 1. -v:. •:•».. , \\\ \< \\\. I. r.ve::: ^. II. S». 64; desi^inc pin. II, 

-.lit".: T.»l..i X\;:. I. .v.. l.l.i- ^• :m'. ; L v *womed in trusses. II, 

XVIII. I. -^?-. .-. ■ ; r»V.e X:X. -f : ^ > '..^ppe.l. II. »t2. 63; lapped, 

.7,'^ . II. : .". . 1. .7: T ^^- '^ XX XXV. r.vcT-i. »'•• fjMwpff. II,T0-T3: pin. 

(»..• T.ibe XIX. I. J 7.4. . r.b.o . 1.0. ■.■..»:.■:;. «fe A" r*imp/r*. II. 8£^104; 

XXIX. U. -■• . r<: If XXX. i:. 4.. 44 : r.ve'.r'.i. l.-w yieUls. II. ©-70; shrink. 

TsiMe XXXI, 11, +4. 41 ; I a Me »^-e .f. 1. 121 ; thickneas of, 1. 117. Hi 
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KsTBDainltr.ft Bxampltii oski 
Uiloiiut. 1.^11-216. 

ataiinm*. rnluood tu cwt*., Tuble 
L&, II, -Xl ; teduoed lu EoKlltlt 
waieiiu, Tkbla LXI. 1I,2C1 ; ndueeil 
to Doundi, Table LXI, II. 261 : n- 
duead to qiuirten, Tmblo LXI, 11,381 ; 
ndoaed to loiu, T»bl< LXI, U, Wl. 

KUinutn; T*bl« US. II. 280. 

Singpoil trun. II. 111-ltn. 

Xnoi.m TliAfe j:.Z/i, II, WS. 

^awJnllB.Ke TabltLXU. II. iSL 
LaltraljUxurt. we itjumpfai,- bcunu, 
tOTmaU. 1, -SA: (ociDula, 1. 2H; In 

23B, ait;' iH top'flsniws of baama! 
glidcni, or EriuHB, I, % IS; plats 
Srden. II, 133, IM; valu« of y, 

libio XVI, 1, aoe. 

JdlHn fTMl, II, isi 

£«uf. alTeei of differeut klndi ol 

■traliu,ll,u,49. 
LtHm, In InmuliB, mwulUK of. I, G, CL 
£«Hr, lav of. t. IS. 
LIMtW tt^^icUt. *et Elatlietly. 

lint ^prt—vre, acslral la lrn»t 

I^Hmi. wowlau, In nlli, 1. 12S, 1% 
XiffVid «Kcuur«, tee Tabic LIU. U, 



UOH 

MaehiiwrVi toundatlaol tor, lo tTold 

.Waft" AJirvn. t« L^i-irDn ,- clBMlQad, 
TabU XXIX, Kod of Vol. II [ 
dMorlpUunof, 11, \»; fiicBOdeuld, II, 

TableXXXlV. Kidaf Vol, II, 
ilanqaaetr. In atcei, teila. Table 

XjfXlV. End ol VoL II. 
»Himr», BtTeijt of dUTereiil Kluda of 



l,U-St; «tren«lh of. prr aijuiire fiMli, 
AblM IV oud V, I, ft-15: ••Jghl i.t, 
l^bletlV, Vand Vl.l.sf-U: vatgbt 
uf. per enbla (out, Table VI, I. U. 



LXI I. II, ya. 
Uatbtr 1)1 triui «lUi dllTenint atralni, 

U, 139. 
Mslallie paint. deHJrlntlnu of. II, 31, 

32; hoff omered. If, 32; lo proieot 

Jfttolt, elTint t>f different kludi of 

XXXI^, ind" i.(' Vol. II : (iVength 
of. Table IV. I, to^a: wel|{lii of, 
TablelV, l,40-4i 
tittru, eiprenedjo feet and lueliea, 



of tables, 1, Til, vlll Md II, tH-U. 
Litr; «e i'ai.U Lxil. U. mS, 
Lmul, tee firunu, Outtilever, Cm 
ttied {btam): CatKentnttnl toad, 
cmlnil !(*«" ond eanlilww), " 



, _ . JO. 

Isud aud lea. Table LXII, II, -M2. 



tpti$: tUxif: 
•if arm unrf tinglt loot 



eatUiUrrrii 

dlwmun, II, 1111; elteel of, If ratled 
I]rM,4B; effeot on bean. 1, 189-180: 

Burlna, ere Impact: mnrlng, I, St 
on iru" cbord, II. 137, '~- — ••"- 
HUta, U. I3«; rollliiK, 
te-ta; lafe, oil aartlij 



„ Ion of, n, a 

ModnlHi of liailfcltf for |il 

ilodulut of mplUTT., tn 



'ee*r); VH^/emload 



I of, 11, 



iMS; lafe, oil aarth, olaj'. 

loam, MUd, Table V. I,U; i 

t«ln amount of, I, sa-ss. 
Leading, eSeot o( maimer of, 

XU.BndotVol, IL 
Jaim, ealB w.raproMlon on. Table ? 

«! welgbl 111, Table V, I, *B. 

"tint of namben, labk UII, 

tv,Tt,K,TabtilXII.\\,-i 



Table 




xixiv, 

.JortoT, tu Omtnti cement itabu, I, 
va; quail It of. 1, 118,110; Htllugot, 
I, lis; acranpli of, I'ablM IV a<^ v\ 
I. «. 4a: tbloltnew irf Jnliiii. 1. 117, 
IIS: wolgbtof.'I^blMlVaudV, 1, 
4a, U; vEt neeoMary. I, IIT. 

Mouldi, lucd In cutlng, U, 9, 10. 

MoniHf load, ire ln^taet. Load. 

Moatntt, tee Bendtng-rnvmenl ; delluod, 

Af.nicnl nr htertta. tel Einrnplei; 



crnfraleil land, Eml load, Liad. 
eral Inadi. Uniform anil mncn- 
•id loaiti. Unifirm laid; Binoont 
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SAFB BUUJ>1XG. 



JfTC 

explained. U ISl-liA: f>r different 
■eetiOM, Table 1. 1. 12-21 : mptiical 
analytic of. I. 245 ; graphical method, 
fonnula. I. 246. 

Mu^k Mr. decenption of. II. L3 : iron. 
Table XXIX, End of Vol. II ^ 

Jtuitipttcatiom, rectangular seeaoo*. 
Table LV. 243-245. 



X. 

n, reaeons for lu raloee. II. 201. 202 : 
ralae in compreaiion funntua. Table 
11.1,23. 

XaturcU tinet. eceinea. r e r ff i n e f . 
eoverainefl. tangents. c«:>tangeDt». 
aecanta, c<jeecants. Table LI, 11.219. 
220; sineflf tangent* and secants. 
Table UI. II. 221-224. 

Xtutral Axesy of arch, hov foond, I, 
154. 155. 

Xetttnii axis, ttt Exnmpltt; dirtanee 
fn>ni extreme fibres. t<>r different 
sections. Table I. I, 12-21 : distance 
from extreme fibrtr* propi>rtioDcd to 
their respectire resistance to com- 
pression and tensu.»n. 1 . 54 ; of an j 
section, found graphically. I. 2^ '2fQ. 

Jiotatitm, attention called t«.>. II. \¥t: 
used Ln graphical analjsi?. I. GL«-71 ; 
1L$««1 in formube. meaning of letters, 
1,5.6. 

Sotcked ginler^ explained. I. 216l 

Sumh^*, logarithms of. Table LUI, II, 
>»-'227. 

NuU, standard dimensions for. Table 
XXXIII, End of Vol. II; standard 
8ize«, II, 53. 



Opes hearth. $tt Tablt .V.V/.V.Endof 

Vol. II ; 8tttl prcKres?. II. Jt. Jl. 
Ouncf, sre Table LXIL II. J»^' 
Octrhanq t«» l»eani. II. N>-S>. I'll. 212. 



PaIST, ."ft Aftt'ilhr j>>iitt( 
Paprr, weijiht of. Tablo VI. I. 4<;. 
Pitr-tUeiiHiram of /.'nfn. applied to 

firajihicHl aiiAlvjis of trusses, I. 72; 

(IffiiM'l. I. 71. 72 
piirfs, «leoiin:il. of fo.it. per 14*4 inch, 

T:ibl«» LVIIl. II.2.V<. r.'» 
PennyWfiyht. g>-c T'ibu LXIl. 11.262 
Penh. Until mejisurr. Table LXIl. II. 

2»L*: of stout- work. T.ible LXII. II. 

2«r.*. 
Prrmntifnt net. II, 42. 
Phanir coinmtis. Table L. expl.aine<1, 

11. 210, 211 ; properties of. Table L, 

I1.2IS 

Phii-'fthorus. in 8tool. tests. Table 

XXXIV End of v.. 1 II 
Pirr.s, see F.r'tmplrs . ami wall?, chapter 

on, I, 117-153; narrow piers in walls. 



PLA 

I. 148: strength <tf. I, lM-138; 

stre&^:th of. fonnobp. 1. 134. 
Pig-tro^. best eomWnatiocie. 11. 7. 8; 

bcand* of. II. 6 : chemical procees. II, 

5 : grading of. IL 6. 7 : wannfartore 

ft. LI. 2-«; suftener«. IL 7 
P%i€», are Exnmples ; beae-eoaieea over, 

L M. S6 : iron piles. 1. 94 ; long piles, 

L i«2-95: long, safe load on, formula, 

I . 143 : sand piles. 1. 92 : sheath-piling, 
L '>4 ; short piles as eolumns, I, 91, 
^2 

Ptiimg. In nulling iron. II. 13. 14. 

Ptn. M« Bemttttg, Bcmding-wwment, 
ErimpUs, iUrets : chapter on, 11.56 
-lu'>: arrangement of eye-bar«. 11.85 
-hO: bending-moment. *IL 80: beiUU 
iuif-aKNnent. graphically, II. 102-104; 
bending-moment on, II, 81, 82, 94- 
l*H: calculation of, see ErampUt; 
calculation of. II. 83: calculation of, 
in iron traas. II. 1*0-195: eompreasioii 
on. II. M. ><1: denial of bending-mo. 
ment. 1 1. liM. KC: description of, II, 
56; designing J4.>int, 11,83-106; iron, 
comprvwiou o u , Tables XXXV- 
XXXVII. Kiid of Vol II ; iron, 
sliearing. bending and tension of. 
Tables XXXVIII-XL, End of VoL 
II: redacing straiios, II, 81. 85; 
shearing on. 1 1. 81. 83.93.94: stand, 
ard sizes. II. o3, 54: steel, compres. 
sion on. Tables XXXV-XXXVII, 
End of VoL II : steel, shearing, bend- 
ing and tension of. Tables X-}uCVlII- 
XL. End of VoL II : stress for steel, 

II. 7U: stress for wronght-iron. II. 70. 
PiH-inimt^see ExampltM; calculation of, 

example. II, K^1(»4. 

Pint, gee Table LXII, II, 262. 

P^t.h, greatest for riTets. 11,6.": least 
for rivets, II. GT* ; of rivets. II. 57, 58. 

Plnniny.ot column ends, II, 2«»2. 

Pl'i^t^riHQ. plate girder, not to crack, 
Table XLI, End of Vol. II; deHeo- 
tion, not to crack, I, 56. 57. 

Plate, S(e He infirrct plates, Plate girder ; 
Cover in riveting, 11.63, t^; crushed 
by rivet, II. 6:>-70; friction from 
riveting. II. «i4 ; sheared by rivet, 11, 
U"* 7t»; testa. Table XXXIV, End of 
Vol. II: torn by rivet, 11,65-70; weak- 
enetl by rivets, II, 62; wrought-iron 
not to wrinkle, I. 25-27. 

Plat' inrder, gee Beam, Elastictty, 
Examples. Flitch Plate Girder, 
Fri'-tton. Girdtr, Modulus of Elas- 
ttrity. Plate:, ehapter on, II, i(H>-ia5 ; 
angle bars, strength of, T^ble XLI I, 
End of Vol. II : angles one piece, II, 
114, 115 ; approximate formula. I, 65 ; 
approximate thickness of flange, I, 
6">: bending-moment, II, 124, 125, 
i:{2, 133; box girder, description of, 
II. 107: calculation of, II. 108-119; 
cambering of, II. 107; deflection, 
Table XLI. Eudof VoL II ; deflecUon, 



GSKERAL INDKX. 



dcacCtllD 



fonnnliP.I.aM, 2»; deBwtlon of, II, 
'"1 doarHllim iif, arlUnaetlcolly. II, 
' ' ' mot, by table, II, 133; 
, grspUiMtlly. II. 131, 

..jonof, 11,108; dBtalliug 

of, Mtt Exatnpln; lUiigo, HBraao 
flbra itroM, U, 134 ; tUuge rlnU. II, 

•irmvib of. I'abJe XLUI, Eud of 
VoL Ul Bange tbleklWM, II, I2S; 
Banc* thiskuwa, era|>hloiil matlicxl. 
formula, I, KO; talcral Seiure. II, 
Ua, IM ; Unglli not to cniok planter, 
• ' "-■ Ittigtbia^-—— ■■ 



"ladiiii of aural Ion, 
Table £. If. ilS, 
lin/Irr, analyt)! of \i 



I. II. 



nil oolomni, 
a. II, 182, laS. 



II, IM: nDl lo vrlnkle. I, K-n; 
pitoli of riveU, II, G5 1 pluuriua. ddi 
M «raiik. O^bla XU, &id of Vul. II ; 
piMw not full lenglb, II, I<I7; pn«. 
tliabla hIhi, lI,Eil,Ga; reduatioa of 
flanca*, grapblcal meUiod. 1. 2Ga-STI ; 
i1t«U In flasga, II, IW, 110; riTeu In 



in-UI; ipWlug Oange, II, 113. 114, 
13T ; apiloliig iilatm. Q, 113; >|>l[e<ng 
vab, II, 113; ■IllfiiBn la wvli, H. I'J7, 
ISM: ilnnBih of. Table XU-XLIII, 
EwtotVoril; l«ndciiaylo>tlUe,lI. 
lit, ll»; uiiBTsn aiiglei, It. lUTi 
Taiuaof angle Iroix. tonnula,!, a70j 
na«e ot inglei, 11. lao; tiIiw at 

nb rinu.ll. I!3j nb, ipllfllui of, 
II. IIS: w«b «1ff«ign, if, 110-117; 
w*b, ■(rength of.TaUc XU, Knd af 
Vol.11; nb tliinkfiBU, II. IIB, ITT; 
lrab,iin«T«nthi<slinaM.lI,iaT; when 

dlmlnub dange iLickDeH, Ii. I'a-, 

wVh dimlnlabinr Sange, ileOMIion of. 
l»»^l : wrlnEllngof llangi, II, 130. 
Am. «m Ofoplileai nntiftu, ice alio 



Quart. •» Tniu lxii. u, jg 

Ouarln-inu, we ICimf. 




ealculaUoD of, II, lao-iia. 
Kfoetion^itii Ormtn toad, VBncenlraltit 
load. End load. Bzampltt, Load, 
Secrral loadl, VHifOrm and coiaen, 
Iraftd toadi, Unifirm load.- amount 
of <at both jopponal. I, 47, Bl ; 
amounCof lefc Wngle luaili formiila, 
I, 41: anaunt oT lef 1 {iwo loailH 
fonnnla, I, 47; amount of rigbt 
<slDgla low!) foitnuta. l,47i amoaat 
of right<tvataa<U| formula, I.4T; at 
trata Joluts. II. 137, 1% ; beam tritb 

^7ite«.5libleXVII,'l,mais':''f^ 
OTerbanglng benm, II, 211. 31!; 
grmplilcal analvila of, I, V4A ; of eon- 
tlnuuDB Kirder. II, 211 ; of Tind on 
root*, II, tCS-l»; (bearing ac Isft, 
forniaU, I, 33: ahaaiKng at rlelitl 
foruiula. I, 33; irnn ends. n. Tas; 
truusd besiuB, Table XVIII, I, -iK, 

Btaming, lor rlTBta, II. ro. 
Stciproeait of nuiuben. Table LIT, n, 

Krelaiittalar- Hotlon*. mnlUplisatlon, 

Table LV, n, 343>24fi. 
BedtieHem of lUmea, ■« Plalf Oinltr i 

plateglrder. tl. lai. 
Stitifliret plate, te Exanptei, Friclinn, 

/■fi)(e,-rln)UlD.II,ige-ll«; toiafter 

Jolau, II, IW-IW. 
Bipeattd itralm, affect of. II, 46-48. 
tteitreoir. abapa of wall*, I. 87; 

HaeniSir lealli, in Hxamplet i preiaun 



.■ XXIX, 

SD; Bteel 



kllosrau*. Table LXI, IJ 



1D7, IM; eoonomleal Hetlon, I. 90, 
ST ; llua of preaaure, arltmnoclciil 
tbeory of, 1, 96-IM ; line of prtuun, 
grapblcal aieLbod, I, 104-107; pnne. 
are agalnn. formnlB. I, S8, 100. 108- 
lOS ; valne atp, Table XI, 1. 101. 

liet/entd itralHt, etteet ot. II, 40-48. 

Xirtli, ne Exnmplet, Undiiw, OnuU 
Inj^-MDnrNl, Plait girder. Ripellng; 
Ebaptar on, 11. SS-KiS; bendlng-mo- 
maiil. It. 80: baudlna-momant, 
Inereaw niixlulus. II, m ; b«idln|. 
moment on, II, 81. 82: breaking OT, 
II, B,'S-70: bul^i<llnt, n, 83; ehaln. 
It, es; oompremlnu ot,^ II. «6-7li; 

bandlng-inoment. 1 1 , ini. I«l . dewrip. 
tlOD of, II. sa, ST ; drilling for. II. sS; 
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SAFE BUILDING. 



RIV 

example butt-Joiut, double plate, II, 
76-78 ; example butt-joint, single 

flate, II, 73-76; example lap-joint, 
I, 7U-73; greatest pitch. II, 66; 
hand, II, 60, 61 ; head of. II, 57; how 
joint yields, II, 65-70; In reinforce 
plates, see Examples; in reinforce 
plates, II, 106-198 ; in strut ends, II, 
102,193; in ^itmXa, gee Examples ; iron 
or steel, shearing, bending and ten- 
sion of, Table XXXVIII, End of Vol. 
II: iron, safe compression on. Table 
XXXV, End of Vol. II ; lap-joints, II, 
6*2, ()3; least pitch, II, 65; machine, 
II, 59, 61 ; number in flange leg, plate 
girders, II, 109; number in web leg, 
plate girders, II, 108. 109; pitch of, 
II, 57, 58; plate girders, location in 
flange, II, 109-112; punching for, II, 
58,59; reaming, II, 59; shearing of. II, 
65-70; shearing on, 11,81,83; shear- 
ing oat of plate, II, 6.'>-70; size to 
use, II, 65; staggered, II, 62; steel, 
safe compression on. Table XXXV, 
End of Vol. II ; steel undesirable, II, 
61 ; stress for steel. II. 70 ; stress for 
wrought-iron, II, 70; tail of. II, 56, 
57: weakening of plate, II, 62; xig- 
zag, 11.62. 

BiveUrd yirder, see Plate qirder. 

Jiireting, see Rivets; cover plates, 11, 
63. 64; friction of plates. II, 61: of 
boilers, II, 64. 65 ; to disiiuguish, II, 
00.61. 

Roltert converter, claims made for, II, 
54.65. 

Rock, foundations of, I, 90, 91. 

Jiocker, see Hollers. 

Rod, ste Bendinq, Tie-rod, see also 
TaUe LAII, ll, 262 ; tension on. II, 
83. 

Rolled iron, see Wrought-iron. 

Rolltrs, see Examples: etfect of wind, 
II. 169. 170; example of. II, 199; 
expansion or contraction guarded 
against. II, 199 ; formula for, II. 199 : 
how U8ed, II, 1119; secure truss side- 
ways. JI, IW; slip-joint in ro<»f, when 
uccebsary, II. 109; three diagrams 
needed, 11, 13'J; to truss, II. 1GJ», 170 : 
under irustj, when UHed, 11, l;n) ; used 
for rolling iron, II, 14, !."> ; when 
needed. II, 139. 

RoUinq load, ellect of, 11, 46-48. 

RwHl, 'set Table LXU. J I, 202. 

Roof, see Ahutment, Tmsa. Wind; 
allowance for snow. II, I-K) ; circular, 
wind etfect, II. 177. 178 ; contraction 
of truss, n, V.yj : expansion of truss. 
JJ, 1.39: horizontal tensicui, II, 105; 
horizontal thrust. II, lOT) ; load on. 
II, 179, IHO, 189 ; overturned by wind. 
II. 173-177 ; snow on, general rule, II, 
i;W : table of strains, II, 190: thrust 
on abutment. II, 164, IfJo ; weight of, 
II, 179. 180. 189; when rollers needed, 
U, 139; wind load Hue, II, 1G5-174; 



SEV 

wind on broken, II. 172, 173 : wind on, 

general rule, II, 138 ; wind preMure 

on, II, 178, 189-191 ; wind reaotions. 

II, 165-174. 
Roof truss, examples of, II, 141-162; 

strain reversed, 11, 138, 139 ; super- 

fluous members, II, 143, 144. 
Ropes, strength of, Table IV, I, 42. 
Rubble work, see Stonework; depend- 

ence on mortar, 1, 119. 
Rupture, see Examples; formula for, in 

testing, 11,38 ; rivets, modulus larger, 

II, 61 ; when to calculate, Table IX. 

1,63. * 

Rust, protection from, II, 31, 33. 



&AFE loads, see ExampUs. 

Sand, safe compression on. Table V, I, 
45 ; weight ofT Table V, 1, 45. 

Scissors truss, II, 157. 

SeretD, see Thread; standard dimen- 
sions for, Table XXXIII, End of 
Vol. II. 

Screw ends, see Upset. 

Sea mile, see Table LXII, II, 262. 

Seasoning of wood. I, 189. 

Secants, natural. Table LI, II. 219. 220; 
natural. Table LII, II. 221-224. 

Sections, see Cross-sectum ; rectangular, 
multiplication, Table LV, II, 213- 
245. 

Separators, used between iron beams. 
1,206. 

Set, increasing, 11,46; permanent, II, 
42. 

Several loads (beam cmd cantilever), 
see, II, 87, 88, 182, 195, 212; see 
Examples, I, 48, 55, 255, 257; arith- 
meticallv, reactions, beam, I, 47, 48, 
51 ; Jiritlnnetically, reactions, canti- 
lever (equals sum of loads) ; arithme- 
ticsilly, point of greatest bending, 
moment, beam, I, 51,52; arithmeti- 
cully, point of greatest bending-mo- 
ment, cantilever, I, 51, 62 ; amount of 
greatest bending-moment, beam. I, 
52. 53 ; amount of greatest bending- 
moment, cantilever, 1,64; required 
moment of resistance at iKnnt of 
greatest bending-moment, betun, I, 
50, 54 ; required moment of resistance 
at point of greatest bending-moment, 
cantilever, 1, .M), 54; arithmetically, 
bending-moment and required 
moment of resistance at any point, 
beam. I, 5(), 54 ; arithmetically, bend- 
ing-moment ami required moment of 
resistance at anv point, cantilever, I, 
50, 54 ; arithmetically, greatest deflec- 
tion, l>eam, 1,66,67; arithmetically, 
greatest deflection, cantilever, I, 57, 
67 ; arithmetically, shearing, beam, 
I. 3.3-;{5; arithmetically, shearing, 
cantilever. 1. 35; graphically, beam 
(cantilever similar), reactions, I, 246 ; 



graplilully, beam. (oBntllerer 
limllar), |ialal t>t answal beDdlDi- 
mmnent, 1, 343,3tSi |[r&phl(i>i]ly, 
Imim (eantllcTBr -'—■'■- - 



napliteall; 



mi, I. Slfi; SpmUliW 



tl-abliVXfl.n.^Bt. 



I aired inomeDt or reaiit- 
[nt of BreBtat bsDillDff- 
1, -M^: gntpblcaily, 
Hem ■tiTillitrl, tHuidlDH- 
id required luoinent of 



tug fliiiige. plate girder, II, 113, 
— -, en; plHte glrderg, II. 113; neb, 
plKK girder. II, 113, IJV. 
Sgitan neature, tei -nitlt LX.II. II, 



XUX, II, ai«, 



WA" 



(urotioii, Tublo 



Braj^loalJf. I 
SKiar'ma.Ht 



buin (cancllHier 



laaa. Croil thear- 
" ip^$. Load, 



Stvtml londi, u»iform 
trUtit hidt, Uxt/orm t 
fnin, tonuala, 1, 3^: ncmu gri 

lions gmlD, torniula, I. 32; al nnj 
poliilar b«ani, t,34; HI led retcclon, 
tflmiila. I. 33; at reaetlciiia. I, 33; 
kaani, Tertloal, u; point. lunnuU. I, 
M; atolllenr, MitHsal. an; point, 
foimalk. I, SB; fnnnaln, I. 32, 33; 
boHlDiital Id bouiia, 1. 3S ; longltudl- 
luU, fDnsalii, I. 3111 mslali, recent 
MM. Tabic XXXIV.Bndnf Vol H; 

of rlTBt, II, Kt-TO: — ' ■ — 

tlVnen, Tsble VI 
II, 93. M : oil rlT 
asi on rlTcU, nli 

XltXTIII-XL. , 

dMFtrrol. I.31,X1. 

aknUniUina. Plplalned, I, 94. 

tfkM, preTBrablT TniDgbt-liim, II, ISg; 
h>1nin(rnH.1t. IM. Ul». 



5et(are nwti, Table LIV, II. XH-243, 
Sqaara, Table 1.1V, 11, VM-ta; are 

of.iee TabliLI'l.Il.ue-HM. 
StaggiTtd rlTgilag. II. 62. 



I, 58. Mi oupla, 
tandlilM, tl fl. 
and roda, Tablca 



aau. bodded bcitloir. 1, 12a. 
Mm, Dalural, Table LI. " 

■Mtnml, Table I.II. 11.22 
£lKt Of STt-ban. 1 1 , lU. M : 

Ki: M btm platea. 

ILWHl of riveu. 




aarou oirrirr, PiHt, tUveUi anitljala varlai. 

— ■■- 11,8: anncallna o(. II, SO, 37 ; ayoirl 
grent length*, ll, SI ; ban itrcHigar 
than platea, II, 37 ; be a me and 
glrdara, deaecllon, formula, 1, 223, 
in; bending te<t, II, ■», 41; 
BaBienH-r,Il,iU-2Zl Bawmer, LeiU, 
Table XXXIV, £ud or Vol. II ; bell 
PTDMH, II, 23; can be catt, torged, 
hardened and tempered, 1 1 , 19 ; eait- 
Inm or, II, 1!: eaat. test*, THble 
XXXIV. End of Vol. II t diaracterle- 
tlwor, II, 19; Glnpp-Orinttu. II, 23: 
elawilflutlon of, 11. IS-n-, clwulBed, 
Table XXIX, Knd of Vol. II; cold 
piinehlug, II, 3J-, cost of nitli.g. II, 
BI,BIi orndble.teiu. Table XMtlV, 
Kild Df Vol. II: direct froin ore. tl. 
aO; dlitlngutihed [rom Iron hj 
ou-ban, II, 1; dliilnguUtaed from 
wrongbt-lron, 11.39: ducUtltv of. II, 
41: wunoRilcaldeelgnlng. II, U-M; 
ellect of blDe best, II, Si; effect of 
ould rollliig, II, 33: elteat ot dlttar- 
enttludi oE atrMiii, 11,48,43; elTem 
rarle* vllb carbon. II, BT: elutloIlT 
nf. II. 41-13; raottirAt-ufetT, II, 1 ; 
1, 11, la, 40 : hud, deMTipiloa 
□1, II, ID; hardncH great. It, 19: 
ingot, ue Tablt XXfX: End of VoU 
II; Ingot. 11,32, X3; liiDda made br 
mllla, ll, 24, 2B ; limit tor platea. II, 
SI, S3; Ibt oT bmma, channela, 
KiiRlea. lee*, deck beanw, leee, Tabtei 
XX-XXV. Eod of Vol. I: manu- 
raotnre of, II. IS-SE; mild. drioHp- 
llOD of, II. 19; nntun nnd uaa <if, 
ihapteron, II, l-W: nawd«pb( — 



1.11,219,220; tiaeti 



II, U 



; open bearth. 



rabis for i 



U. tt. 



bearth', teeta. Table. XX.x'lV, Ei'X^ 
Vol.11: pIno. oompreaaloo on, Tables 
-* — rvir iTiwi ni - - -■ 



.... JI: plm , _ 

XXXV-lOtXVII, End of Vol. 

ahearing. bending and tenvlcm 
ible XXXVIII-xC, Knd nf VoL 



IT* 
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V •- ZI r^i «ui.rL II. — '■'rtsiiu* iff 
•(-LJk>i>« II. as. 3- r-»i«c» «ir-* r ob- 

Vr-s*. c. c 7k,iu» HZL* *.iif * 
■- II . m-ftC*. ♦•i*ekra;|:_>-ai : :ui tmt 

\ .«_ II . r-_i^ .; I 1* '-t:- ^<*k- 

13 4 KT^ZL II- *I 111 •»lr-*J-.iii C. .1. 
27. »■*-* -.t ±IZ*. II. T« *.3k-* .t 

^ .k:*». II :: '^ v-aet r - -una*. 11, 

i; . *» j>*-f . c !•; i^.>* I ! '• *• ■r:«c.:i;£ 
*:<. II "I; . »ir-^.rii C- Tt^'ie IV ^ 
41 . ♦^r-s* i r "'-*■-» hatt i^.zjy II. "? . 

^T^k:. II. Ir. -.<*ri^ ■; .'. V-L: ; 

Krc of. TkC^ 3lAJIV::I-.VI_ E-.^ :< 

Vc. II. --- .1 :*rk3i* :. j;:. JH; 

w*^-: f. I ».:--• IV. I ii v-j^ed 

-'^. !I. r . ■•-Ji :'i i i:.i 3': 

rirr. ;.-*":*. I •:.•*• XaXIV. tz.'i .€ 

V :. II; vr -i^i:. :'S':*. Tfct.T 

xxxjv. E^.j -t V _ ::. 

II. IT'S. ITT. \'r; --A. : r-.- .i. II. 177: 
wir.-l pr*** .r^ -l-Jg :.k. > . II. ITj; 
voaiee. e:!'?':; ^- w_L.i. yxi— ;>. 11. 

5f,if, .*r#. f'-.s:- j-.rl-r. r.T-:* :r. II. 

r_>. IJs*: *o w*-t. II. i:"-r.T: : web, 

plai^ jirdrr. II, IJT. !.>. 
Sttrmji'irx'mt. pf^ . xsMp fS :L'*kix»# 

of. f«>nn-j.a. I. I.*-; : c** •■•?. I. l.v>, l--»4 : 

vidth .-f. f-.-mi ..^. I. li*X 

Ti* ' Z.V//. II. -»-•: .iur*^. 1 -.j. >. w 

B'^.'^rr'«^ii'-'l. I.I ' ; i^'-rj .-. 'ar : ; -rr.. 

fXtr {'.♦-. 11. 1T» . ITT; ^:r-: j:"l ' 

T. »•:•-* IV^- .1 V. I. 4.-44. 1 1. 

of. Ti»:»* 1\ »: i V. 1. ;j-H. 
5/"N'"" ''•'■. *" A-'' ^ I" r .'. 

m-:.-:*. I. I-"; • :. r. »: r^i; t-r*l. I. 

l.*.' : s'/<» ■ f s'.'Lc?. I. IJJ ; y'.ret^.h 

r.f. I. I r.. 
Str'in,$, tee Tr-ir<r^rif jfr-Ti* . IF- •:!:- 

forinu;.!-. 1. yi'- SJT. . a % •- r •. «: e ■n 
cli.'f.lr. or r >: ^'. «. I. •_'■_■'.-•-'. Ji-; 
CM<t-ir"ii. o«>i.tra«': ••••.. tr-'i!i. II. 4 ^4-' : 
ca?t-:r<»n. fXt'i.*!--!! fr-ii . II. 47 4'^; 
C«>iitr.trti<'ii fr >iii. '•■r»i...t. I. S^' : 
(liir«'reiit in tni«f» ii.»iriJ>ri^. II. 1.?'; 
etf»»<'t of differni't kinds. 1I.4'». 4'.«: 
eff»vt of time. 11.4''.; exp'*::-;-r. ir-ti.. 
fornmlrt. I. I'-T: ♦'X|>:<i*-ii ';>r coi>- 
tra<'lioij due t^. I. -JT-J-T : lui;dr«- 
iiifnt.il formula. I. 1\ : it r.wrsnl. 
etFtfCl of. II. 4»^4^: ii!or.<<f in 
curve*! inend>er. 1 1. l»-n l«r4 ; in ti.ince. 
plate girdrr. II. K»m ; inT.-nnitt^nt. II. 
4r,-48; of T'^K.^f, TaMe of. H. Iki : on 
piTi, re<iuction of. II. f^\. Nj : r»|»» .it»d, 
erte<"t of, II. \i'r-\s : r.-v.r-ed J>v wind. 
II, l.'iS, l.'*.!» : s»'i>arMt»' i>r .-iijil*- "lin- 
granj, il,14<»: laMeof. .<f^ Ex"mjt!f<; 
trusses, to draw diagram, II. 140- 



^e.^L: 



•*. r ; p - 



IrC. Tv>ftUtL IL 4f: vriakling 
'■rn.:_jiL 1. S: tr7vs^t-irc<fi. ec>ii- 
^ntfCj •! fr A. II. 43--I&; vroo^t- 
=-:a_ *xr*aK.-o. fr «, II, 4^'l&. 
Sk"?-:^!. * •mf'WBk, me Orm§^ioai amalf- 

I. 7r-r4 ; viml and 
IL 17*. 

Es'xmplts : at foot of 
IL ls«w is; ; bolu 






ciV'-'i- Lom^. Stome, S*ometrorL\ 
r-«i.r— *f ji5r*»cr* caft;4n.HD. circu- 
-fc.- r •- L:ai. TaI-.- X1.V-XLVIII. II. 
-!>->■ . o <-:?'■ c». rMBuparative 
f.cr: i-p.I.-SJ; o>:-p*rk£ir« fomiabe, 
L -^ . ?.: ; < Aikf jr faun. |*iate ciidtr. 
Tt:* XUiTExJ .^ Vol II; of 
E.i>rr-^j». ««r jtf ixfrrvi/j .- of materi- 
A*. r*r>.e« nr a:.d V. I, 37-4iS; 
±A::j?r*. K-Iate irnier. Table XLIII. 
fjc»i < V--C II; veb. plate ginl«-r. 
Iki.'T XLL Eftd of VoL II: pUte 
|--r irr. 4£f cox:ii.AX« f«-«mala, 1. 65. 

5fr»*#. »Trr*^ ::: plate girder dai>ge, 
U. 134; f;ujda;i.ei::tal f«inniila. I, 21 ; 
safe :«. r:Tet> and pin:^ II. TOi 

^arfcf. ftf< ' %rre»i t^-aring area, 11. 181 ; 
C5rre.i. II. lOV-iM: cnrred. example, 
II. r'^ 1*3; irvHi. 9ee Exampirt; iron, 
e.^Ll-c.!.^:- n of , II. 191. I%>; rivets in. 
IL :*.:. 1.<J: v<*«ien. are ExnmpU$; 
W' •>len. cftjeolation of, II, 183, 1^1. 

5r«r«. .4a±*, li, 83. 



Tables or conUnta, Beginning of 

V>.*. I ar.-i IL 
r.i* ';,*. «" F^tmpUs^ Hcnctcmse Tahteif 

Tj'.:\'f. njitural. Table LL IL 219, 
2j»»; r.4:u.-»'.. Ttb.e Lll. II. 221->i4. 

Tirf,- :. 'Q ip-n. II.?!'. 

Tf*.*. ..*i f *t«?el and iron. Table XXIV, 
Euvl ...f Vol. I. 

T-mjrTi".; .»f Jteel. IL 19. 

T'vsr •!, <fr Exnmp'.ts.Currfft : curved 
t-.-. ex.iUip'.e, IL Itvt. 164 ; formula. I, 
;>»); l..ir'zonta'.. ri»of. II, |(V>; in 
curve.1 int-mN-r. 1 1. lrtV-ir»4 ; metal?, 
re<'ei.t leisti'. TaMe XXXIV, End of 
V"',. II : on rivetJ*. pin* and rn<1s, 
TabU-> XXXVIII-XL. End of Vol. 
11 : .»u r.HU. 1 1. 83; riveted plate. II, 
•.--:<» : theory of. 1. l»-:n. 

VVrr.i <"../M.how use<l In walls, 1. 130, 
131: <tren(rth of. Table V, 1, 45; 
w.iiiht of. Table V, I, 45. 

Trftivtj. by bending, 11, -10, 41 ; cast- 
in. n. wroupht-iron and steel, II, 3i>- 
4J : effect of time. 11. 46 : fonnula for 
stretijith in, II. 38; machine for, II, 
.'N . safe strains for iron and steel, II, 
41. 42 

Thrffiffs. gee fpnet: cut with old die 
biroDgest, II, 53; standard dimen- 



■inula, II. 163, 

MMpla, II, 177. 
TU-lHram, Mtr (\>r 
enlvtlun 



irwil, Siainpiei: oal- 



Ttt-rmft, IM Exanflei: uloulBtioni 
i>r, II, IM, I8G. IVlJ tnia nr ttesl, 
Waiioaor,TKl>l<9Xl[!xVIll-XL. End 
or Vol. ll; l«U. Tsblg XXXIV, 

t,3U«,a}7l iluMlciuU. II, lU. 
Tilu, OM in floor arclia, 1, nS-IT9) 

irol^lof,T«ble VI. J,<0. 
rimiHn-. ne Wood. el[«t of dlllerBUt 

klndaorslralns, 11,48, tf; balvluiol, 

II,lae; luiK lu wil II Booud, J, IBS, 

IW i ihrinkue ol, 1, 1X2. 
niiH.ellMtol.U.W. 
nni, niroAfc £jc//. 11.262; radacdd 

» llllognmu. T«lil( 



aalnlfl of. chflpK 
nelhod ot ruptur 



.y Bbre. I. SI ; 



It, 136-138 ( >tinpls rule> for 
UlDg nrUhmcileallf, I. Gl-M ; 
;lh uulforB. ero»«H!tlon. 1. 60 ; 

irlook dfflMilon'lQ woodaa 
I, Table VIII, I, 63; wnoden 
I, onv )iigb thlsk. ■Irorglli or 
-mio»d) Table IX,' — 



CND 

. 41. 138^ a 

IIW; liMiuiner-bBiuu. li.'lOl; horlioa- 
Ul IBtaluu, II, lasi bow aeoonl 
rulca applT, II. I36i Bows, Tl, 102; 
iri^n. Kt Ksoapiai Iran, detBillDK 
meiubera Hdil JuioU, II, l»>-T9U;'lroH 
nller, II. IDS-IWj Iron (hoe. U, 168, 
IBB; Irim aunt, II, IPl, 1»; juU.tr«- 
Mtlotii, n, 137, IS«i JoiDU, lio» 
HaauiDed, It.lK; UD( p«[, 11, I«l- 
HD; IMIIUd, II. Ifia. length not lo 



niMaveni! ilroin, kd Aeant, 0»i(i- 
Inir, Onahical ottatyitt. Dii/tcri 
niiitA to langltudloal ■trnlna m 
nftan, 1,74; eaniiiariuiu ol bokma 
■Dd «wiEll«Tfln irilti <llll«rmit luMl 
(MnngUi and nlffueai-) 1.07; coin- 




. kafUr, noltir, 

Soof. moil: ■dlualmeBl o(, 11.63, 
M; ftUowanCB lav (dov, II, IM i 
knalfiiad Rrapblullj. I. 72-74; 
ftrobed.lt. IM; baarlngiirea. II, IM, 
ISB. IBB; cUord loaded; II. 1»7. I38j 



130; taluiTB. 11. ;-.; , pi,. i>i . ^,., !,.■,-;.[ 

■imfiiB In. annlyied, eluipiar oii, II. 
lai^lVn urainaln chorda. I, XSS-Vin; 
■Irnliiaiu nirmbcra, 11, 136: atmnpad 
rooi uHlfliilHted, II. lei;, lg7l anprr- 
HuDua m>*uil.an, II, 143, 144; tie. 
Imun, It. lia; lie-rod. II. IM. t«S. 
IBl; iraiisTeraa atrain nn niFiiilirra, 
II, IM-138; ffarren, I], IfiJ; 
niilppla. 11. IKt ; wind uid load, oub 
dlagTHni, U, I7U; wlud dli>Hri.iii. II. 
IX. IIW; wind, Henoral ru1e.ll, 138; 
with uMllDient. 11, IM. IK; wltb 
miTereDlatraiiK.II. 139; wilb rollfH, 
II. I<j9, 17Ui wltlioal aliulniant, II, 
los; wood BDd IniD. ebaptcr on, II. 
nu-IBB; irooden. ace exampiti: 
woodeD, dstailtng membira and 

^10(8. II. 160-197; wooden, ralter. 
.18il-|g!l; wooden, nrat, II. 183, 184. 
Tnttttd bnuiu. tre Exampltt; at glnl- 
ara, I.2»)-3I3i oralrdBra.emloulaUan 
of. I. lai-ai; or glrdan, deaectkm 
of, 1. 2aB. S31-73T: atralna In, TabI* 
XV1I1.I.220. Wt. 
Tubular l-ran, nol to wrinkle. 1, 0-21. 
nrM/vg or colluuD sndi, U. 109. 



id coiuUetwr). jm 11,87.88, 

•Vt\trtBampla.-i,XSt,lMi 
B: uiUnDetloallT. nMUou, 

im. I, Gl; ariUimellgall;. rea«UODa. 

iMlarer (equaJa aDiD of loadi); 

[bmellrallf. point of ({reateat 

132; aiUhnieUDall}, point of arrtAai 

bebdiU|[.nionient, eautlleTer. 1. 01.01; 



nlngol, 11. «*t bendiDH-moIneDt, c; 
, II, ISU ; S3. 04; aciUunellcally. i 



BAFE BDtLDIKG. 



nient at rsiiilaniw itt point of gTCit. arilbmetlealJj, shsu-iuji, beun. I. 33. 

fit bsDdlus-motai^ni, beam. l.M.M: X.Kt. alitbDieiiCBll]', iheuine. can. 

11. ISl^ HrithmsUaanr, ntqulrMl mo. tllstvr. t. 36. K; ultlineticHllT, 

loainofTeMnaiicrBipMnlotBrvaMit itreDgUi of baun. l.IM; ariihiiieU- 

amdjng.eioinaot. emtllayer, I. SO. M; call; , nraigib or esntilnver. t. IK; 

■rItlinaUiial);. besdlu-flioniflDt and BnplileBlljr, bsaiu icuiLUeier (liiil> 

thbW»( momeol Dl ndiUDce (I anr Iat). reuilou, I, IMS: Knpblcallt. 

polai, bean. I,»,H; II, laS; tntb- beam <oantlIev« almllu), poiai ot 

■mttdkllj, btsaina-iBOmeiit MUl re- itmMai brnMBg-aiotueot, 1, MS; 

QDlnd momnil urralituuw mt ut ar^hlijaily, bum («utJl<Ter dnl. 

pOJul. aantllsiM, I. SO, M; wlUiDetf. lar), aioouDt of graaual ImiiUiiuno. 

0UI1, arHtMid«Ba«Uoii, bHBi.I.M, mml. I. MS: Bnubieall*, beantiaBtt- 

M, tT: II, 117. 131; arilbmcllMilT, tllner iUDllar). Tsqalraa dkhogdI oI 

fnatwt MSmiIou. euitlleiw, I. n, ntiaWnoc at poiniot greataal bend. 

W.«T; II, IIT; uilhmocl sally, ahear- Ing-moment, [,>U, SM: i^pbtrally, 

Ing, beam, I, n-as; arltlimettcallj, beam (cantlleTsr aimllir), iMailliig. 

abaarlDg. santilvter, I, 3Di grapbl- momaiit and n>qulr«) niament of 

(Mil}, b«uu leantllaTer ■Imllaii reae- nalatanoa al anj point, I. Ma. iM: 

tiona, t,345: grapblaallj, boam (can- srapbl tally, b«ani (oaoulcvef fltnl- 

tlletac atmilat), polnl of greatsal lar), oreaUat dellMUoa, I, Me-MB; 

btuidUii-iucnnait, I, al3: II. IM; KrapblMlly, baam (oanUlaTtt Mml. 

Cpblcallj. b«aiii (oaoillsTer alml- lar), abearlng. I.3M. 

I, aiDDuiil bloTtaUat beudlne-mn- Vpirl enda. t<> tie-nidii. II. ISSi aerw 

nitfol. I, -Hi; 11, 1H; Braplilwlly, anda. ciplalssd, II. S2; acre* ondl, 

bHin {oantlleTer almllar). nqalred trben eoonamleal, 11.02. OS, 

momvnt ot nattlanee at pulnl of Upmard ptrmn. orrrhanalBK b«MD, 

unatcat bandlui-mimieiil. 1. 1)3, at*; II. 311. -Jfi. 

11. ia«i irapblcSly, beain <euiine*«r U. S. Staniiard,ttt EnglitlL. 
almllar), baXUBg-mcmaeiit and re- 

qolTod moment of realitanee at any ,, 

Cit.I.SO^EU; II. ISti erapbtullj, yARIABLE irnitni, dTect of, II, U. 

IB feanlilever iliuila^, STMteit VmUted ore*, bow cnloatatal. 1. in. 

daflemion. I. MfrS*«; II, IIT, I3t; Cerriit**, naiuml. Table U, 11,219. WO, 

KapblcallT, baam (santllaTar alml. reWua/ (jc.aloepls. II, ITT. 

r). abearlnB. I.MS; II, IIT. FttnKiotif.trom QUMblmTT, to RTCld, 

Oliinirni (eorf (iram ana catitlltrcr} lee 1. laj. lai. 

rtwc« yi/. rill, IX. xii. xiii, 

. XIV, xr. I, 58, M, 62, 03. IBH, (ind T_ 

£nd ol Vol. 1: irr aJio II, ST, 88, tVALLa.Kt Cellar Kollt. Eiampla, ' 

Il»-13&. 182. 1». HI; nr ffzonpltir, AMaialiM ua/It, l/ndirpimiitiy. aiul 

I,33,SI.9«.Ga,196-!ai3.-iei: Kiiupaivd plera, diapter on. I. lll-lbS: bul- 

lo other loads. I. 57. IDS. 196; arltb- treaard. ararage nelglil, tDrniula. I, 

melloallj, reactions. bBam. I, M, 111; 107; connwtloni beiveeD old and 

arllliineclBallT, raHullonii, cantlleTer nev. I. 1^; corbcli in, 1. ICU-ISS; 

(equal* lend), arltlimeilcally. point damp-proollag of. I. XT. 119; furrlof 

of greateat beDdlng-uianieDl, baam, ol, I. 130; bollow, I, ■!«. ISS; how 

I. M. SI. G0:arltbmet1ca1Iy, polotof underpin oed, I, 199. 130; of towera, 

sreateatbendinE-mommt, cantllerer, I, 132; preranre Irom bajrela. ror- 

l.BI.Bl.flS; arllbnielically, amount of mula. I, H7; ibapa tor reaarroln.I. 

arealeilbendlng-nioniBni.beam.l.W, 07; atrorelb f I, I, 133-116; IhlekDen 

«);arltbnietl«llT.BinODnlolgreatiiat of, Kondalel'a rale. 1,133; (liioknen 

benrilno-niainBnt.eanilleTer, I,t>3,U: requlml. fnnnalie. I.14l;lliraat at 

nclthmellcally. requir«d mnmenl of barrel*, 1.146-llRi (Iniber In, l,l2i- 

raalstaDCB at point of greaieai bend- i'-X; tn aaccrtaln anMant of loail on, 

Ing-momeni, beam. I, HI. M; nrltb- I, Bi-»3; to realat bulging. 1, 141-iM; 

niBllaally. reqolrod moment of re- tower and oblmney.rirengOi, 'ormn- 

Biatanceat point of graalnt bendlna- In'. I. IM; wind preuure on. 1, IM, 

uiomeDi, oantUercr. I, GO. HI; aritb- 119. IT^^. 

metieally, bendlng-momant and re- learrrN (nut, 11. 153 

nulred moment of realnauet Blan* IVatkert.m Bxumplei: bearing areft, 

point, beam. I. SO. 51.69: arltlinielf- II. IM; aiie of, II, 195. 

onlly. bendlne-iiiament and required Walrr, nelgbt of, Table VI. I. 46; 

moment of redMBnee :it any point, weight of one gallon, je( ToH* ij://, 

csntllMsr, I.5n.M.5fl;arilhmeIlcally. II.BSir. 

greatest deflection, beam, I. K. 57, 99. Wrb angle, plate ^rder. rlveta In, II, 

60. H33: arlthmelleallT. gnuieit de- IKI-131; buckling. II. IIS; plala 

fleciloti. enntUeTer, I, GT, 58. GC; girder, rireu, II, I£8; plate glnler. 



y\ 



I 



■pllclng 0', II, 120: pUta glrdar, 
•tiffaDiin Id, II, IIT, J2»: plate girdsr. 
MKIigUl Df, TubleXLl.EiHlof Vol. 
II: plnie girder, tbleknvu. II. 1:^7; 
rlvala, pUM E>"ler, II, IDS. 109; 
■pllelDg, Id dIhM gtrdBi*. II, 113; 
MllfgDeralo. Il,ll»-n7; tlileknualD 

ftVJo«,ATQir^ui«l»»iidTroT.»«Ta*le 
IXrr. II, DB; of IroD.per junl, II, l» ; 
IDIterlBls, TkblM IV-V[. 1.37-46 ; per 
eDblstoal(ifmaUrlit1i,TablBVI,I.«. 

IftioAfj, Enillth. radaoEd lo kllo- 

H^AH and meaiurr: Engllib (D. 
Ku»]ud.Tftbls LXII. Il.WL 

WeldKl itnl and Iron, cluslded, Xxble 
XXIX, EudotToLIL 

PTcMiNg, dBHTlplUD of, It. IS: Irim. 
II.»,aO; jolDUInalMl, II, 37; mal- 
loaMB oaal-lron, II. IS. 

WltMite inuM. II. U3. 

tntuf, Knount of pnwuTe on roofs, 
II. IM, 140 ; lUid Imd. oue dlsgraia, 
II, ITO; bruwa, II. 173. 174; brokaa 
tool. II, 172. hs: eltcular turfHoe, 
II, ITI, IIS; effect dlQereiit, If roll- 
ais DHd : II, IW ; elTeot If rollen, II, 
IW.ITO: affeotou grovloE timber, 1, 
I&S: airwil on alwple, II, 174-177; 
tVBWal mis, II. 13»: load llaa on 
root, II, lflJ-171 : on roofi, approxi- 
matarula, II, 14U: preuura, •» £z- 

naUon,' II, 130, 140 ; preuure, bow 
aainneil, I. I&: pnwiure. how U 

iiSn,l,'l4S-'l5ii;'preMure on ooUuia- 
nal mof, II, t;S ; iireiBure on w&lli, 
t, 148, 146: II, Kg; reactloDi, DO- 
aaaat, II, ItH-lT-l : referaaa atnUna, 
ir, tM, 139 ; slaDttng aoTtawi, II, 177, 
■taeple, preuure on. dlMonallr, 
"~ - atrilD dlasram. 11. 138, 139i 
;orn roof. 11. lTS-177 i wall. 

irirr, atul. teais, T^ble XXXIV, End 

of Vol. U ; tlnnad, taaw. Table 
XXXIV, End of Vol. II. 

~ ■ ■ ; oomprea- 



ZEE 

.tb of piB. 

1. tblskncai 



Bnaliaia<iMI,8;>n 
jireferable. 



- PMti 

(Old great leonlu, 

itronnat, II, 3B; 

» preferable, II, 107; bending 

.. Il, 40,41 1 caia bardaning, J1.3«^ 

ai jclaMiautiooot.ll.zs-OT: ela»i- 

fled. Table XXIX. End or Vol. II ; 

oolDoiDi, Table X1.IX. axplalned, II, 

1. WH. 2W: ooloDiDB. aUe loada on, 

t- TableXIJX,II,S17;eo1unuii,ibapai, 

II, 3M-3K: oomprculoD, axbupla, 

,) Il.»O,2t0: ooutraetiOD from ■mln. 



inliheilfromnael.hiSS; don- 
ned II, IS; daotllU; of, it 41 : 
nieaf deelguins. 11, SO-M ; cffasi 
- hnst, n, »>; effect of oold 
, 3G: effect oE dlffarent 

j»ln«, 11,48,49; effect of 

rolling. II, 17: etaaaeiiy Df,II.41-Wi 






U. 39, 

; beat 
lit for 



Dfore weldlDK. 11. 39; 
iatea. II. SI, B2; manufaatnre oi, ii, 
MS; metbod of rolUug, II. 14, IS: 
LOok bar. II. 13 ; oalare and use i^, 
lapter on, II. l-W, nature of.n, 
i; Phoinli eolamna. Table L. el- 
lained. II. ZIO, 211; Phcenia cot- 
mni. propertlea of. Table L, II. SIS ; 
Ini, oompreHlon on, Tables XXXV 
XXXVn. End of Vol. II : pina, 
bending and taualon of', 



Tables ^XX' 



XL, eiHl of VoL 
iddUng 



II, ITS: i 



< Cracki. Ti 
alonaf, periqaare Ir 
IT-3Bi deoaT of. I, .. 
tloaot. 1. 180. IST:hea 
lasi- ' 

I, IS 



. . >; medulli 
; method* of neaionli 



luaneki, II. ii 
l7l»; arrei -^ 
Able IV. I 






llaryr* 
Ing.l, I 



,.. .^iiareloehl 

weigbi of. Table 



■rreogtb oi 

IV. I, 37-33 ; 
37-38: wlud abakaa, 

eiamplB. II, 

,■ formola, I, 

Me^l'b o/'plaU. "™)iit.Tab[e Hi' 



Waedat tlitple, wind oi 

174-178. 
frnnMdi?, ft Bzampli 




Table III, 1 



prodnced from pig, II. . , 

of, II, 13: reBnlng r>t, I(, ij^mi is- 

rolUng, defect of.n.X: r«aam« of 

JuallSes. 11, 28 ; reenit of re-tollIng, 
I, IS. 17; riTela. ufe eompreailon 
on, T»blo XXXV, End of Vol. 11 -. 
riteta. ihearinE, bandlna, and ten- 
■lon of. Table XXXVIII.Vnd of Vol. 
Ill Hta lenina atraio, II, 41. 42; 
■Ingle reAneil, II. la: aliea ft Bali, 
II, Si : aiae* of plain, II. BI. Gl : aiiM 
orronndi. II. Ai: alae* of aqnarea. II. 

tealtng of. II, 30-42; teBlal T^hle 
XXXIV, End of Vol, II : ll*-"d«, 
tension nf, Tablea KXXVIII— XL, 
End of Vol. II : UM of old Iron, II, 
17 : welgbt per fHti. II, IS : »s bar 

Wrouokt i'ld. ietu'. Table XXXIV, 

Kb.IoI Vol. 11. 
Yard, ite TabU IXir, ll, 263. 

Zkb bnrt, eolutnua of. II, Vfl-Wt. 
Zn-i. Hat ol iteel and Iron, Ikble 
XXV. EnrI of Vol. 1. 

Zigiag riTetlng, U, 63. 
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TABLE XXXVI. 

TOR Ibon and Stebl Pins akd Boi/ 

t^KOUGBT Iron takek at 12000 Lsa. per 
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TABLE XXXVII. 
tn FOR Iron and Steel Pn 



•E Whooqht Ieon, takkn a 




^B AvB&AOB Steel, takes 



TABLE : 

.BINQ, Bbudiho AK 



VETS, PINS AND RODS 



Valdes (is 


iiiiiiiiiii 






































































































































































































































































--^ 
























" 


p- 














^ 




















-- 


-• 


K^ 














- 




■■ 


h- 


, 




^ 




















V 






< 
















, 




-^ 




^ 


^ 


' 












, 




. 


- 




= 


- 








V: 












■V, 












' 


f 


































1 


^iiiiiii 






Valuis (tv 



' 1 ^ ■ 



V . 



TABLE XXXIX. 

E Ibon akd Stekl Pikb ASD ] 

LLUES (in i^e.) roB Full Limes. 
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350000 
860000 

870000 
380000 
890000 
400000 
410000 
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670000 
680000 
590000 
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140000 
130000 
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